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Jay Gould on Our daily contemporary, the New 

Rapid Transit. York Tribune, has been interviewing 
that philanthropic friend of the public, Mr. Jay Gould, re- 
garding rapid transit in New York. Mr. Gould is appar- 
ently convinced that itis his duty to inform his fellow 
citizens of the very serious risks and enormous engineering 
difficulties to be met with in the construction of under- 
ground roads. Such an addition to the facilities for the 
traveling public he regards, to be sure, as not specially in- 
imical to the elevated roads, but as most undesirable, and, 
financially, as a sort of rat hole into which indefinite 
money can be dropped without producing results. More 
than all, Mr. Gould evidently distrusts electric traction, 
and, carefully led on by a reporter, he was tempted into 
expressing the opinion that it would take a long time and 
large bank account to develop the electric motor. Appar- 
ently, he has not heard of the great success that has been 
achieved abroad in this very kind of service; but no one 
ever talks so enthusiastically as on a- topic of which he 
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knows nothing, and the opinions of the wily and eminent 
capitalist will doubtless be quoted right and left as based 
on undoubted electrical authority. 





An Interesting ON another page we give an account 
Machine. of a very ingenious separately excited 
dynamo that is shortly to be placed on the market. It isa 
type of machine that has not previously been worked on 
any extensive scale, although it has some rather marked 
advantages, Strictly speaking the Winkler dynamo is not 
altogether separately excited, for the magnetizing circuit 
happens to be furnished from a separate winding on the 
armature. But as a result of the arrangement the 
dynamo possesses two rather interesting qualities, In 
the first place it lends itself very readily to governing 
for compensating varying speed, and in the second 
place it is free from the self-inductive kick of the mag- 
netizing coils that sometimes gives very unpleasant shocks 
to those who undertake to handle the wires without due 
protection. The former attribute is the more valuable of 
the two, and results from the fact that a pair of light 
brushes controlling the magnetizing circuit can be twisted 
around nearly 90 degrees without perceptible sparking and 
with a very small quantity of friction, so that not only can 
the dynamo be utilized very easily for operation in connec- 
tion with water-wheels, butit would make a rather neat and 
effective arc machine. Several other devices of the same 
inventor are described in our article, and altogether the 
group of electrical appliances is one worth looking at. 





The Accumulator IN addition to the important incan- 
in Court. descent lamp suit that is now before 
the public, it must be remembered that storage battery 
litigation has been in progress during the last week before 
Judge Coxe, who has already become familiar through dire 
experience with the traps for the unwary that lie in stor- 
age battery litigation. The present suit is one between the 
Electric Accumulator Company and the Brush company— 
in other words a test of the validity of the Brush patents, 
and during its progress attention has been given to a num- 
ber of important points that were left untouched in the 
Brush-Julien litigation of last year. As is well known that 
suit was practically settled before the final decision was 
reached, while in the present case the claims of both par- 
ties have been pushed forward very sharply and without 
forgetting a possible advantage on either side. Mr. Brush’s 
patent is a strong one, and he came off victor in the inter- 
ferences within the Patent Office; but there are several 
suggestive questions, notably one regarding the Italian 
patent to Brush, that will be, presumably, decided on their 
merits in the opinion to be rendered by Judge Coxe shortly. 
The history of the storage battery has been, on the whole, 
a tale of woe almost from the beginning, and it is only 
recently that things have taken on_a somewhat brighter as- 
pect. It is to be hoped that the suit now under judgment 
will clear the air a little, and leave the rights of the re- 
spective parties sufficiently well defined to encourage the 
development of the art. 


The Poor Man's AT a recent meeting of the Western 
Light. Gas Association one of its members, 

who by his own statement had never invested in an electric 
light plant, congratulated himself and comforted his fellow- 
gasometers by proving to their mutual satisfaction that the 
incandescent electric light is forever barred from becom- 
ing a successful competitor of gas. This statement has 
been so often repeated by those most ignorant of the sub- 
ject that we feel some embarrassment in commenting on it 
at the present day. Nevertheless, one of the accompany- 
ing statements is worth a little discussion. The incandes- 
cent lamp is in the aforesaid paper stigmatized as 
‘*the rich man’s light.” Now, as touching the general 
question of economy the electric light is to-day in a very 
large number of places furnished at one cent per Jamp hour, 
the equivalent of just about $2 per thousand feet for gas, 
As regards the economy of the matter, this statement 
ought to be quite sufficient. If the incandescent light is, 
as was stated, 64 per cent. more costly to produce than an 
equivalent amount of gas, the gas companies are, by their 
own confession, carrying on a business so extortionate 
that in the interests of civilization it ought to 
be regulated. The electric light today can and 
does compete with gas at ordinary prices in the 
most successful manner. As regards the allegation 
that it is the rich man’s light, nothing can be more utterly 
false. We had the pleasure a year or two ago of inspect- 
ing an electric light plant in a small western town, looking 
over every foot of wire on the line and every lamp installed. 
So far from being the rich man’s light, the service was ex- 
tended into every quarter of the town, and lamps were 
installed in small cobbler shops and cheap lodging-houses; 
in stables, cellars and outhouses. It was to be found every- 
where where a good and convenient light would be wanted, 
While the incandescent lamp may be a convenience 
to the rich man, at the present price it is avail- 
able for every one who would ever think of using 
gas. Among those who are too poor to use either 
illuminant, kerosene oil and candles are still employed, and 
it will be a long time before either electricity or gas can 
supersede these for such a class of consumers. But per- 


haps the most striking case of economy from the use of 
electricity comes in large isolated plants such as are found 
in hundreds of office buildings and factories all over the 





483 
country. It has been shown that with an installation of 
considerable size the cost per lamp installed per day, in- 
cluding every item of expenditure, can be reduced to less 
than 1} cents per lamp per day, and this even when a 
separate plant is operated by steam power. Where water 


is available the conditions for electric lighting are even 
more favorable. 








The Electric Light THE recent meeting of the Executive 
Convent'on. Committee of the National Electric 
Light Association at Montreal was a rousing success and 
promises the greatest convention in the history of the As- 
sociation, and the finest electrical exhibits that have ever 
been gathered together on such an occasion. In the first 
place, the time, somewhat later than usual, and the place 
are both auspicious. For Montreal, the metropolis of 
Canada, is the centre of immense business interests, and, 
furthermore, our Canadian cousins have made prepara 
tions to welcome their visitors with open arms, and no more 
cordial and enthusiastic reception could have been wished 
than that which was given to the committee as a small 
sample of what might be expected by the association. We 
do not always realize the amount of push and drive that 
there really is across the Canadian border, and the meet- 
ing will probably be somewhat of a surprise to both parties. 
The most prominent citizens of Montreal are active in 
furthering the success of the convention, and they and the 
executive committee are to be congratulated for the ar- 
rangemerts that have been made. In another column we 
give some account of what is proposed, and to sum it up it 
will be seen that the intention of the hospitable Canadians 
is to paint the town red in honor of their visitors. An im- 
mense hall has been provided for exhibits, and something 
like 300 h. p. will be available for motive pur- 
poses. In spite of the enormous room that will be ready 
for the exhibition something like three-fourths of it has al- 
ready been applied for informally, and the task of the ex- 
ecutive committee will not be to fill the hall, but to so ap- 
portion the space as to give everybody a chance. The 7th 
of September is the opening day, and the exhibition will 
be continued from the 7th until the 16th, inclusive, giving 
ample time for the business meetings as well as the enter- 
tainments which have been so cordially offered. Altogether 
it promises to be the most successful convention in the 
history of the association, and to exhibit the warmest wel- 
come that has ever been extended to a visiting organiza- 
tion, 





Rapid Teleg- A RECENT paper by Mr. Gisborne, of 

raphy, Ottawa, electrician to the Dominion, 

given at the recent meeting of the Royal Society of Canada 
in Montreal, contains some very interesting statements 
about rapid telegraphy. Mr. Gisborne stated by way of 
data that 3,000 words per minute had been transmitted by 
a roundabout line of copper wire 355 miles long be- 
tween New York and Washington, while 800 had been 
reached over the 1,000-mile line between New York and 
Chicago, and he expressed the opinion that the telegraph of 
the future would be largely conducted by means of such 
rapid transmitters as were used in these experiments. It 
may be interesting to note that the automatic machine 
telegraph employed is the invention of Mr. F. Anderson, of 
Connecticut, and that it is of the perforated paper class of 
instruments, registering each message by ink marks 
showing the ordinary Morse signals. From this the 
speaker went on to show that a message of 100 words could 
be transmitted over 1,000 miles of line for 25 cents, and yet 
allow a large profit for the telegraph companies. Such a 
statement may appear a little surprising at first sight, but 
it must be remembered that a pair of lines working at the 
highest speed mentioned is the equivalent of something like 
40 complete quadruplex systems, each requiring its own 
wire, and worked by the ordinary key. The decrease in 
expense of line and maintenance accomplished by the sub- 
stitution of these transmitters for the ordinary instruments 
would be something enormous, to say nothing of the far 
smaller number of operators and instruments required. 
The perforation, of course, is done by machines con- 
structed onthe principle of the typewriter, and can be 
done ata considerably greater rate of speed than that at 
which messages are now sent. Mr. Gisborne also stated 
from intimate knowledge of the statistics of telegraphy in 
this country and elsewhere, that the volume of business is 
sufficient to insure the success of a system worked as de- 
scribed. It is, perhaps, too socn to express a definite 
opinion as to the general applicability of the rapid 


transmitter, for the Morse instrument worked in’ 
the old way is likely to hold its own for the 
great bulk of local messages; but as regards 


the success of through lines so operated there can be 
even now little doubt. Perhaps it is worth mentioning 
that the long distance telephone |.nes can be utilized most 
efficiently in this way, and when the agreement between 
the telephone and telegraph companies now in force ex- 
pires by limitation, as it will shortly, it is not impossible 
that we may be treated to some exhibitions of rapid teleg- 
raphy that will be rather surprising to those who have 
not made themselves familiar with the turn affairs are 
tuking. The statements just mentioned are not the san- 
guine predictions of an enthusiastic inventor, but the 
judicial opinions of a veteran telegrapher who knows 
what he is talking about, and has had abundant prac- 
tical experience. 
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Latest Foreign Electrical News. 





(By cable from our own correspondent.) 

Lonpon, June 15, 1891.—The London overhead wires 
bill passed the House of Lords last week after a consider- 
able amount of time lost in unwinding the legislative red 
tape. Also the bill reviving the Worms-Bale patent for 
tanning by electricity, which was recently invalidated on 
points of law. 

The fleet of electric launches on the Thames has received 
an accession recently in the shape of two new boats. 

The Mutual Telephone Company has recently opened an 

xchange in Manchester which has been a pronounced suc- 
ress, and is about to extend its system to Leeds and other 
towns in Yorkshire. 

The death is announced of Dr. William Edward Steaven- 
son, well known as a student of electro-medical science. 
Dr. Steavenson was the grand-nephew of Dr. Robert 
Steavenson, of Newcastle-on-Tyne, who wrote on medical 
electricity as early as 1778. He was born in Suffolk in 
1850, was educated at Downing College, Cambridge, and 
received his degree of doctor of medicine in 1884. He was 
casualty physician at St. Bartholomew’s Hospital in 1882, 
and there took charge of the electrical) work, getting a 
large amount of electrical experience. He was physician 
to the Grosvenor Hospital for Women and Children and 
to the Alexandra Hospital for Children. He was the author 
of a well-known treatise entitled ‘‘Electricity and 
its Manner of Working in the Treatment of Dis- 
ease,” and numerous articles in the scientific 


journals. 
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ROBERT DAVIDSON. 

Some time ago we published an account of 
the first electrical railway, at least the first 
that was anything more than a mere workshop 
model, and we now have the pleasure of pre- 
senting to our readers the portrait of Mr. Robert 
Davidson, its inventor, probably the oldest living 
electrician, and certainly the Nestor of the art 
of electrical traction. 

Robert Davidson was born April 18, 1804, in 
Aberdeen, Scotland, where he is living to-day. 
His father was a prosperous tradesman there, 
and young Davidson had the advantage of an 
education that for those days was more than 
usually extended. After some instruction in 
several private schools he entered, along with 
his elder brotner, as a student in the Faculty of 
Arts at Marishas College. He was fortunately 
enabled to study here for a longer time than 
usual on account of the assistance he gave one of 
the professors in providing a model steam en- 
gine for demonstration purposes. During his 
study there he was specially taken up with the 
study of chemistry and mechanics. On leaving 
college he was apprenticed to hisfather, but his 
natural bent for mechanics and _his - training 
made the work irksome for him, and shortly 
afterward he set up an establishment for the 
manufacture of yeast on a large scale, where 
his chemical knowledge came into play and er- 
abled him to secure more than usual success. 
From this line of. work he branched out into 
that of manufacturing chemist, and for nearly 
half acentury manufactured chemicals for use in 
woolen mills and dye-houses. 

All through this active work he was devoted to the 
study of chemistry and to mechanics. Among other 
things he set up ashop as a file maker. One of his me- 
chanical hobbies, too, was astronomy, and about 1828 he 
manufactured a large telescope, which he set up in his 
grounds, where it remained for many years. His chief 
interest, however, centered on electrical appliances. From 
his student days he studied the subject earnestly, and 
after long trials he completed the large electric motor 
“Galvani,” in 1837. It was not until two years later that 
it was first presented to public notice, at which time Mr. 
Davidson carried it over a large part of Great Britain, and 
gave (as reference to our previous article will show) a large 
number of successful exhibitions, It reached a speed of as 
high as five or six miles an hour, and finally was ma- 
liciously destroyed, probably by the steam engineers, who 
feared that their occupation would be gone. The great 
cost of chemicals, and the suspicion with which this new- 
fangled device was regarded by the railway companies, 
checked its further development, and after its destruction 
Mr. Davidson did not build anew machine. Along with 
the locomotive was exhibited a small boat-shaped model of 
a flying machine, the success of which is not recorded. A 
few years later, when photography became known, Mr. 
Davidson took up the subject, and was, perhaps, one of 
the earliest of the race of amateur photographers. 

In spite of his weight of years Mr. Davidson is evert 
now a bright old man, and full of reminiscences of his 
long and interesting career. He certainly was one of the 
pioneers of applied electricity, working contemporaneously 
with Thomas Davenport, the Vermont blacksmith, and on 
a much larger scale. He has lived to see the dream of his 
youth more than realized in the everyday work of his old 
age, and now in the evening of a long and useful life he 
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can look back over the half century that is gone, and, a8 
the oldest electrician, appreciate perhaps even more than 
others the success of those who have followed him. 





Tests of a Mechanical Vacuum Pump. 





About a year agothe announcement was made thata 
mechanical vacuum pump bad been devised for exhausting 
incandescent lamps, and that it would give equally good 
results with the Geissler and Sprengel pumps in general 
use. A little later the pump was fully described in THE 
ELECTRICAL WORLD, and it will be remembered that the 
principle of its construction was at once novel and effec- 
tive, consisting in forming a vacuum jacket around the 
principal working cylinders by the use of subsidiary cylin- 
ders which might themselves be used for the preliminary 
stages of exhaustion. The effect of this device is to reduce 
the difference in pressure between the sides of the pump 
piston, and consequently to diminish almost to a vacuum 
point the leakage that has heretofore interfered with the 
action of mechanical vacuum pumps. 

A short time ago we had the pleasure-of seeing the im- 
proved pump in operation at the works of the Beacon 
Vacuum Pump Company in Boston, and its performance 
there was sufficient to set at rest any doubis that might 
have existed as to its ability to compete with mercury 
pumps in the production of perfect vacua. The three- 
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cylinder pump illustrated in THE ELECTRICAL WORLD has 
been considerably improved in the past year, and the one 
tested was an eight-cylinder machine of much larger 
capacity. On the day of inspection the pump had been at 
work on various tasks of exhaustion, some of them 
not at all conducive to its perfect action, such, for 
example, as exhausting vessels that contained moisture. 
After the machine was putin working order for 
the lamps, a gang of nine 82 c. p. bulbs was 
placed on one of the pipes leading to the pump. 
With the present arrangement over 100 lamps 
can be exhausted at once, and a little extension 
of the leading pipes would enable numerous other 
groups to be added. Two gauges were titted to the ap- 
paratus, one of them a McLeod of the usual construction, 
the other a test bulb in which the mercury could be 
allowed to run at will and removed without breaking the 
connections, The nine lamps were put in position and the 
pump started; four minutes Jater the test bulb showed a 
remaining bubble .35 inch in diameter; at the expiration 
of 10 minutes this was reduced to .21, and five minutes 
later to .14. At the expiration of 21 minutes from the 
time of starting the pump the test bulb showed a bubble 
of .11 inch, and the lamps were then flashed on the pump 
for a brief pericd. Thirty-five minutes after the pump was 
started the lamps were sealed off, the test bulb then showing 
a bubble only .07 inch in diameter. One of the bulbs was 
taken to the laboratory and broken under mercury, and in 
spite of the larger size of the 82 c. p. bulb seven one-hun- 
dredths was the extreme diameter of the bubble. A few 
minutes later the bubble in the test bulb had been reduced to 
three one-hundredths of an inch, but as it was desired to rush 
the lamps through so that they could be tested for candle- 
power and capped immediately, they were removed at the 
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stage mentioned. The eight bulbs put on the photometer 
showed very slight variatiors in voltage, and under the 
induction coil test compared favorably with tbe results of 
mercury pump exhaustion. Two of these lamps, intended 
for 98 and 99} volts respectively, have been burning, off 
and on, for a couple of weeks, six or eight volts over the 
rated figures, and have performed admirably; they will be 
subjected to a more extensive test later. 

It should be said that the final vacuum had an apparent. 
actual value as given by the McLeod gauge of about gyp4555 
and is well up to the results of mercury exhaustion. At 
anoth er test a little later still more extensive exhaustion 
was tried. In the first instance twelve 16 c. p. lamps, a 
single group, were put on the pump: 10 minutes exhaustion 
showed a test bubble .14 inch in diameter, and seven 
minutes later, when the lamps were sealed off, this had 
been reduced to .07. This is rather quicker work than in 
the trial just mentioned, but the twelve 16 c. p. bulbs had 
considerably less capacity than the nine 32 c. p. ones pre- 
viously exhausted. Next 24 lamps were put on the 
pump in two groups; 10.minoutes reduced the residual 
bubble to .17 inch in diameter, and 20 minutes to 
nine. With 48 lamps 25 minutes sufficed to bring 
the entire group to a stage of exhaustion corre- 
sponding toa residual bubble one-tenth of an inch in diame- 
ter, and when, as a final experiment, 96 lamps were put 
upon the pump, only 40 minutes was necessary to bring 
the exhaustion down to the desired point of 
showing a bubble about nine one-hundredths of 
an inch in diameter. On neither “of these occa- 
sions was any special effort made to fit the pump 
for doing its finest work. The experiments were 
rather casual than deliberate in their character, 
and give a very good idea of what this really 
extraordinary pump is capable of accomplishing. 
The strokes are slow and the cylinders large, so 
that although the work is done with great rapid- 
ity a very small amount of power is required 
to operate the machine, only a fraction of a horse 
power. 

A new pump of even greater capacity than 
either of the previous ones is just being placed 
in position, and is expected to give at least as 
good results in exhaustion and in a very much 
shorter time. The pump is certainly cupable of 
carrying on the exhaustion far enough to leave 
the residual bubble not more than three one- 
hundredths of an inch in diameter, which will be 
recognized by lamp makers as a very satisfactory 
degree of vacuum, considerably better than is 
generally attained. With the new pump in posi- 
tion the number cf lamps exhausted simul- 
taneously can be largely increased, or with the 
ordinary groups the time of exhaustion can be 
greatly reduced. The great rapidity with which 
the pump works also produces a good effect in 
allowing a much briefer period of flashing on 
the pump than is usually given incandescent 
lamps, the vapor produced by flashing being 
drawn off at once. Inone of the experiments 
the current was turned on the lamps after 
they had been on the pump but 10 minutes. Such 
a reduction of time from the several hours usually 
required with mercury pumps is no small factor 
in incandescent lamp manufacture, to say noth- 
ing of the decreased time required in the process 
of flashing. Altogether the performance of this 
mechanical pump is extraordinary, both in the 
great rapidity of its work and the completeness with 
which the beautiful vacuum jacket device has overcome 
the difficulties of leakage that had rendered futile all 
previous efforts at obtaining high vacua by the use of air 
pumps other than mercurial. 

—_——__o +r] oro —_—_—” 


Professor Ewing's Theory of Magnetism. 


Professor Ewing recently delivered an interesting dis- 
course at the Royal Institution on the ‘‘Molecular Process 
in Magnetic Induction.” After succinctly summing up the 
theories of Poisson and Weber, he alluded to his own re- 
markable extension of the molecular hypothesis without, 
however, connecting his own name with this valuable ad- 
dition to our knowledge. The curious, and, in the light of 
Ewing's theory, instructive bebavior of magnetic needles 
under the influence of magnetizing forces was illustrated 
in a most admirable manner by means of the lantern. 
Owing to the inability to employ a large number of small 
needles, however, the stage immediately preceding com. 
plete instability was scarcely as well marked as one would 
wish. The phenomena of recalescence and decalescence 
were exhibited in a striking manner by employing a thin 
steel wire some 12 feet long and heating it up by means of 
the electric eurrent. Attached to the end of the wire was 
a long and conspicuous lever. As the wire heated this 
traveled round until the point of decalescence was reached, 
when the motion was momentarily arrested. The reverse 
phenomenon of decalescence on cooling down was still 
more marked by this device. In conclusion, Prof. Ewing 
referred to the beautiful experimental corroboration of his. 
theory which had come to hand that morning from 
America, and the hysteresis curves obtained by Mr. 
Hoopes with his bar of neeGles were thrown on the screen 
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The Winkler Dinamo and Motor. 





It is not often that a dynamo appears before the public 
possessing any unusual features of construction, or em- 
bodying in an essential way departures from the usual 
lines of practice followed in electrical designing. It must be 
confessed, however, that Mr. C. F. Winkler’s ingenious dy - 
namo possesses several novel features, some of them of 
considerable merit. The cuts give a good idea of the char- 
acter of these innovations. As at present built, the ma 
chine is a constant potential, compound wound, separately 
excited dynamo. As Figs. | and 2 readily show, it is of the 
Manchester type, with, as usual, wrought-iron cores and 


cast-iron pole pieces and frame. It is in the 


ee 


i 
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armature that we find the real novelty; this is a 
combination of aGramme ring, which furnishes the ex- 
citing circuit,and a Siemens winding. that furnishes the 
working circuit. The armature possesses two commutators, 
one for each of these windings. Fig. 3 shows the internal 
construction of the armature. Between the two end plates 
and insulated from them are fitted a series of iron con- 
ductors dropping below the periphery of the end plates 
nearly to the shaft, and connected 
to form a Gramme winding, 


across their 
as shown 


tops 
in the figure. 


Before the upper connecting bars are put in posi- 
tion, however, insulating material is placed over 
the frame formed by the armature conductors, and 


iron wire is then spun upon the armature as in 
the original Gramme construction until a solid mass is 
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built up flush with the end plates. Then the connecting 
bars are put in position, the insulation placed between 
them and the core finished up. We then have a Gramme 
ring with a comparatively small number of segments 
formed of iron conductors. The requisite amount of mag- 
netic material being furnished by the iron wire laid on, 
after the armature is finished to this point it is wound just 
asany other drum armature would be wound, a single 
layer of copper being used. There are, then, two distinct 
circuits upon the armature, one a Gramme winditg capa- 
ble of delivering the exciting current for the field mag- 
nets the other an ordinary Siemens winding of sufficient 
power to give the desired voltage. The field coils are com- 
pound wound, the principal magnetizing circuit being 
connected to the Gramme winding, as just mentioned, and 
requiring in a 300-light machine something like 300 watts, 
supplied at about 30 volts. A compound winding of the 
ordinary sort is supplied outside the coils of the sepa- 
rately excited circuit. As at present constructed the 
armature when ready for the reception of the winding is 
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perfectly smooth, but one of the modifications that can 
easily be introduced is to channel the iron conductors of 
the Gramme ring so as to form a toothed drum armature 
te receive the copper windings. One of the objects 
of employing this general form of construction was to 
avoid the severe self-inductive shock that can be re- 
ceived from the powerful shunt coils of an ordi- 
nary machine. The self-induction of the dynamo is not 
high enough to give a severe sbock, even when the working 
brushes are lifted with the hands; in fact there is hardly 
any perceptible shock at all; and while one does not cus- 
tomarily break the circuit of a dynamo on himself there is 
a degree of consolation to be derived from the knowledge 
that the only source of injury is that .proportionate to the 





direct voltage of the machine. The brushes on the ex- 
citing circuit are capable of being shifted through a full 
quarter revolution without perceptible sparking, and the 
working voltage of the machine can thus be varied from 
practically zero to its full amount by the rotation of the 
exciting brushes, This dispenses with any external regu- 
Jator and at the same time furnishes a very convenient 
means of automatic governing. 

It frequently happens that it is desired to install an in- 
candescent dynamo where only water power is attainable; 
especially where other machinery is driven from the same 
wheel, it becomes very difficult so to regulate the speed 
that the voltage will.remain constant. Mr. Winkler 
places for such service a centrifugal governor to operate 
the brushes of the exciting circuit, a task requiring com- 
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paratively little power, so that any variation in the speed 
of the water-wheel is immediately compensated by an in- 
creased exciting current. It goes without saying that an 
electromagnetic device to accomplish the same end will 
fit the machine for constant current working. The com- 
pounding of the siandard machine is very good indecd, 
giving practically no variation from light load to fall load. 
These dynamos are now built by the Troy Electric Dy- 
namo Company, but arrangements are nearly completed 
for going into the manufacture on a considerable scale 
with much increased facilities. 

Aside from the dynamo Mr. Winkler is the inventor of 
several other additions to the list of electrical appliances. 
One of these is the street car motor, well shown in Fig. 4. 
A single motor is employed per car, a 20-h. p. machine of 
the consequent pole type fitted with the Gramme arma- 
ture. This is arranged to run freely until the power is 
applied to the car by a friction clutch, that in practice 
operates very successfully in putting on the load gently 
and smoothly. The natural result of this contrivance is to 
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reduce the tremendous initial rush of current ordinarily 


found, and to utilize to a great extent the mo- 
mentum of the armature in overcoming the static 
friction of the car. Both axles are driven by 


this single motor, the power being transmitted from 
the directly driven axle to the other by means of a 
pair of wire ropes running over pulleys of the peculiar 
construction shown inthe cut. These were invented by 
Mr. Winkler a short time ago and give a grip on the driv- 
ing rope that renders slipping quite out of the question. In 
actual trial the motor runs very smoothly, the load is 
taken up very gradually, and the motor runs without ex- 
cessive noise or perceptible sparking. The momentum of 
the armature is sufficient to start the car from rest, even 
when the current is cut off before throwing on the friction 
clutch. The armature speed is low enough to permit the 
use of a single reduction gear, and the mechanical con- 
struction employed is such as to secure a good, durable, 
serviceable machine. 

Aside from the motor and dynamo Mr. Wiukler is the 
inventor of a rather interesting storage battery. It is of 
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the usual lead type, but the grids are so constructed as to 
expose a large surface of active material without danger of 
buckling and give an amount of mechanical stiffness that 
is something prodigious. During charging and discharg- 
ing the active material does not press severely on any part 
of the grid, and the latter, from its form of construction, isso 
stiff that it is next to impossible to bend it with the hands, 
or to force it « ¥3 of shape in any way that would cause ill 
results to the Jc‘very. Besides this the exciting fluid 
is somewhat gelatinous in character, so that even when 
the plates are taken out of the cell a considerable current 
can be obtained from them, and if the cell were overturned 
there. would not be enough spilling of the fluid to interfere 
with its action or surroundings. The exceedingly stiff 
grid and large surface of active material enable an 





enormous current to be taken from the battery in case of 
need. Its efficiency, electromotive force, and other 
characteristics are presumably very closely allied to those 
of other lead batteries, but the strength of the cell and its 
power to resist buckling under a very large discharge are 
unusual. A number of other minor devices have 
been brought out by Mr. Winkler in addition to 
those we have mentioned, but these three, the 
dynamo, motor and storage battery, appear to be very solid 
and business-like affairs. They are soon to be placed on 
the market on a large scale, and will doubtless give a good 
account of themselves. Under test the dynamo has given 
an efficiency of somewhere nearly 90 per cent.; in other 
words it is, as might be expected from the general construc- 
tion, a reasonably effective commercial machine, and also 
possesses the merits of giving no appreciable shock aside 
from that which might naturally be expected from the 
equivalent continuous voltage, and permitting very simple 
regulation in cases where the speed of the prime mover is 
variable, 
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Chronological History of Electricity, Galvanism, Mag- 
netism and the Telegraph, from B.C. 2637 to A. D. 
1888.—Part 1.* 


BY P. F. MOTTELAY. 


A. D. 1657.——Schott (Gaspar)—P. Gasparis Schotti— 
who was sent to teach natural philosophy and mathe- 
matics at Palermo, Sicily, is the author of several very 
curious works on physics, of which the most important 
alone will here be noted. 

** Magiw Universalis Nature et Artis, etc.,” appeared at 
Herbipoli in 1657, 1658, 1659. In the first book of the 
fourth volume ( or part) he indicates, according to Kircher, 
whom he had met while in Rome, the means of conveying 
one’s thoughts at a distance by the loadstone, and he al- 
ludes to the speaking head constructed by Albertus Mag- 
nus, while, in the third and fourth books of the same vol- 
ume, he gives a Jong treatise on the loadstone as well as 
an account of numerous experiments made with it. 

** De Arte Mechanica, etc.” (‘‘ Mechanice, etc.”), Herbi- 
poli, 1657-1658, contains, .in second part, class L., p. 314, 
the first published notice of Von Guericke’s experiments. 

‘*Physica Curiosa sive Mirabilia Nature, etc.,’ Herbi- 
poli, 1662 (which may justly be considered a continuation 
of the ‘‘ Magia Universalis”) treats m the eleventh book of 
St. Elmo’s fire, thunder and meteors in general. 

‘*Technica Curiosa sive Mirabilia Nature, etc.,’’ Herbi- 
poli, 1664, alludes, in the two first books, to the experi- 
ments made by Von Guericke and by Boyle, and gives the 
contents of eight letters written him by the first named. 

“Schola Steganographica, etc.,” Norimberge, 1665, gives, 
at pages 258-264, a description of the dial telegraph of 
Daniell Schwenter. 

‘* Jocoseriorum Natur et Artis, etc.,” published about 
1666, alludes to the ‘‘ Thaumaturgus Mathematicus ” of 
Gaspar Ens, published at Cologne, 1651, as well as to the 
‘** Delicioe Physico-Mathematice ” of Daniell Schwenter 
and Geo. Philippi Harsdorffer (Senator of Nuremberg), to 
‘ La Récréation Mathématique” of Jean Leurechon, and to 
the works of Cardan, Mizault, Aldrcvande and others. 

See ‘* Notice Raisonnée des Ouvrages de Gaspar Schott,” 
par Mr. L’Abbé Mxxx de St. Léger de Soissons, Paris, 
1785, pp. 6, 31, 32, 37,44, 70; Muirhead’s translation of 
Arago’s Eloge de James Watt, London, 1839, p. 51. 

A. D. 1675.—- Boyle (Robert). Irish natural philosopher 
and chemist, seventh son of Richard Boyle, Earl of Cork, 
and one of the first members of what he calls the ‘‘Invisible” 
or ** Philosophical’ College, which has since become the 
Royal Society, gives, in his ** Philosophical Works,” the re- 
sult of his many experiments upon magnetism and elec- 
tricity. 

John Evelyn says of him: ‘ It must be confess’d that he 
had a marvailous sagacity in finding out many usefull 
and noble experiments. Never did stubborn matter come 
under his inquisition but he extorted a confession of all 
that lay in her most intimate recesses; and what he dis- 
cover’d he as faithfully register’'d, and frankly communi- 
cated. one 

Professor Tyndall remarks (‘‘ Lecture,” Feb. 4, 1875): 
‘* The tendency to physical theory showed itself in Boyle. 
He imagined that the electrified body threw out a glutin- 
ous or unctuous effluvium, which laid hold of small bodies, 
and, in its return to the source from~ which it emanated, 
carried them along with it.” (Priestley. ‘* History of Elec- 
tricity,” 1775, p. 7; Boyle, ‘* Essays of the Efflu- 
viums,” London, 1673 : (Subtilty) pp. 38-42, 52, 53, (Efficacy) 
pp. 18, 19, 82, 33; Boyle, ‘‘ An Essay . of Gems,” 
London, 1672, pp. 108-112). 

A few of his many characteristic remarks and observations 
are, however, best given in his own words, as extracted 
from the ** Philosphical Works” above alluded to: 

‘The invention of the mariner’s needle, which giveth 
the direction, is no Jess benefit for navigation than the 
invention of the sails, which give the motion.” (London, 
1738, vol. I., p. 62.) 

“IT, with a certain body (rough diamond), not bigger than 
a pea, but very vigorously attractive, moved a steel needle, 
freely poised, about three minutes after I had left off rub- 
bing it” (vol. L., p. 508) Speaking elsewhere of his experi- 
ments with diamonds, he says: ‘**But when I came to apply 
it (the loadstone) to one more, which look’t somewhat 
duller than aitnost any of the rest, I found that it had in it 
particles enough of an iron nature to make it a magnetical 
vody and observed without surprise that not only it would 
suffer it self to be taken up by the strongest pole of the load- 
stone, but when the pole was offer’d within a convenient 
distance it would readily leap through the air to fasten 
it self to it.” A 

**T removed a piece of amber in the sunbeams till they 
had made it moderately hot and then found it would at- 
tract those light bodies it would not stir before.” (Vol. I., 
p- 400, and vol. III., p, 52.) 

“Whether from such experiments one may argue that 
it is but, as it were, by accident that amber attracts 
another body, and not this the amber; and whether these 
ought to make us question, if electrics may, with so much 
propriety, as has been generally supposed, be said to at- 
tract, are doubts, that my design does not oblige me to ex- 
amine.” (Vol, 1V.,p. %50.) 


See Johu Evelyno’s *Diary,” Letter to Mr. Wotton, 
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March 30, 1696; Libe’s ‘‘Histoire Phil. du Progrés de la 
Physique,” Paris, 1810; Boyle’s ‘‘Mechanical Origine or 
Production of Electricity,” 1675; Secundat’s ‘Histoire 
d’Electricité” (Observations physiques), 1750, p. 141; 
Whewell, ‘Hist. of Ind. Sciences,” 1859, vol. L., pp. 395, 
396. Priestley’s *‘History of Electricity.” 1775, pp. 5-8. 
Mr. Reael ‘“‘Ubserv. a. d. Magnectsteen,” 1651, alluded to 
at note, page 486, vol. IL, of Van Swinden’s 1784 
* Recueil, etc.” 

Consult also Boyle’s ‘*New Exper. Physico-Mechani- 
cal, etc.,” in which the 16th Exp. is ‘‘concernmg the 
operation of the loadstone”; Boyle’s ‘‘ A Continuation of 
New Exp., etc.,” in which the 31st Exp. is ‘* about the at- 
tractive virtue of the loadstone in an exhausted receiver,” 
and in which are “ Notes, etc., about the atmospheres of 
consistent bodies, etc.,” as well as ‘‘ Observations about 
the exciting of the electricity of bodies,” and concerning 
the electrical emanations and effluviums. Boyle is also the 
author of ‘* Tracts Containing Some Suspicions Concern- 
ing Some Occult Qualities of the Air; with an Appendix 
Touching Celestial Magnets, etc.” 

See, likewise, Boyle, ‘‘Phil. Works,” London, 1744, vol. 
III., pp. 65, 67and 7v, also pages 647, etc., giving his ‘*Ex- 
periments and Notes about the Mechanical Origin or Pro- 
duction of Electricity,” and, for full accounts of the Royal 
Society, alluded to above, see the histories written by 
Thomas Sprat (1667), by Thomas Birch (1756), by Thomas 
Thomson (1812), and by Chas. Richard Weld (1847-1848). 

A. D. 1675.——Picard (Jean), eminent astronomer, who 
succeeded Gassendi (A. D. 1632) as professor of astronomy 
at the Collége de France, is the first to observe electric 
light in vacuo. According to Tyndall (‘‘Lectures on Elec- 
tricity”) it was while carrying a barometer from the Ob- 
servatory to the Porte Saint-Michelin Paris that he noticed 
light in the vacuous portion. Sebastion and Cassini ob- 
served it afterward in other barometers. (See Tyndall’s 
‘*Lecture V.” for Priestley’s description of the electric light 
in vacuo.) 

It was this same scientist who had already given; in his 
‘*Mesure de la Terre,” 1671, article [V., the description of 
the measurement of a degree of latitude made with instru- 
ments of his own manufacture. (See ‘‘Cosmos,” 1859, pp. 
23, 24.) 

A. D. 1675.——Newton (Sir Isaac), prominent English 
mathematician and natural philosopher, of whom Ma- 
caulay says that ‘‘in no other mind have the demonstrative 
faculty and the inductive faculty coexisted in such supreme 
excellence and perfect barmony,” communicates to the 
Royal Society his discovery that excited glass will attract 
any light bodies even to the surface opposite to that upon 
which it has been rubbed, This was successfully demon- 
strated by the Society, Jan. 3), 1676. 

He improved the electric machine by substituting a glass 
globe for the globe of sulphur made use of by both Von 
Guericke and Boyle, the rubbers in every case being the 
hands of the operator. 

He appeais to have somewhat acticipated Franklin’s 
great discovery, judging by the following extract from a 
letter he addressed, Dee. 15, 1716, to the Rev. Dr. Law, in 
Suffolk : ‘‘I have been much amused by ye singular phe- 
nomena resulting from bringing of a needle into contact 
with a piece of amber or resin fricated on silke clothe—ye 
flame putteth mein mind of sheet lightning on a small 
(how very small) scale. But I shall in my epistles abjure 
philosophy, whereof, when I come down to Sakly, I'll give 
you enow.” 

During the years 1686 and 1687 Newton composed his 
‘Principia,’ ‘‘a work which will be memorable not only 
in the annals of one science or of one country, but which 
will form an epoch in the history of the world.” This was 
published at Halley’s expense. As Brewster says (1686, 
chap XII.): ‘It is to Halley alone that science owes this debt 
of gratitude. It was he who tracked Newton to his col- 
lege, who drew from him his great discoveries, and who 
generously gave them to the world.” 

In the 28d proposition of the second book, fifth section, 
Newton says: ‘‘The virtue of the magnet is contracted by 
the interposition of an iron plate and is almost terminated 
at it, for bodies further off are not so much attracted by 
the magnet as by the iron plate.” And in book ITI., prop. 
VI., he thus expresses himself: ‘‘The magnetic attraction 
is not as the matter attracted; some bodies are attracted 
more by the magnet, others less; most bodies not at all. 
The power of magnetism in one and the same body may be 
increased and diminished, and is sometimes far stronger 
for the quantity of matter than the power of gravity; and 
in receding from the magnet decreases, not in the dupli- 
cate, but almost in the triplicate proportion of the dis- 
tance, as nearly as | could judge from some rude observa- 
tions.” 

Newton is said to have carried in his ring a magnet 
weighing but three grains, which could raise 746 grains, 
or 250 times its own weight. This magnet naturally ex- 
cited much admiration, but is surpassed in power by that 
tormerly belonging to Sir John Leslie, and now in the 
Physical Collection at Edinburgh, weighing three and one- 
half grains, and having a carrying power of 1,560 
grains. 

See Brewster's “Life of Sir I. Newton,” pp. 307, 308; 
Harris, ‘‘Magnetism,” vol. I1I., p. 11; Ninth ‘‘Britannica,” 
vol. XV., p. 274; Whewell, *‘Hist. of the Ind. Sciences,” 
185¥, vol, II., p. 213 (note); also the interesting note at foot 
of page 683 of the Fourth Dissertation in the “‘Encyclope:- 


VoL. XVII. No, 25. 
dia Britannica.” See also Muspratt’s Chemistry, vol. I1., 
p. 255; the English Chemical News for: November, 1867, 
and January, 1868, reproducing Sir David Brewster’s let- 
ters to the London Athenceum and London Times, likewise 
Dr. Crompton’s paper read before the Manchester Literary 
and Philosophical Society in October, 1866. 

A. D. 1676.——Haward, master of several ships, and a 
man of good credit (Phil. Trans , vol. X., No. 127, p. 647, 
of July 16, 1676), states that ‘‘ being on board of the ship 
Abemarle, July 24, 1641, in latitude of Bermuda 

after a terrible clap of thunder it was 
found that the compass card was turned around, the N. 
and S. points having changed positions and, though Mr. 
Grofton brought with his finger the flower-de-lys to point 
directly N., it would immediately, as soon as at liberty, 
return to this new unusual posture, and upon examination 
he found every compass (three) in the ship of the same 
humor; which he could impute to nothing else 
but the operation of the lightning or thunder mentioned.” 
The above is also alluded to at page 33 of vol. IIT. of Boyle’s 
‘* Phil. Works,” London, 1738, with this addition: ‘‘ One of 
the compasses, pointing West, was brought to New Eng- 
land, where, the glass being broke and the air gaining en- 
trance, it lost its virtve. But one of the others is in that 
country possess’d by Mr. Encrease Mather, the North point 
of the needle remaining South to this day.” 

A. D. 1677 —At page 14 of an exceedingly curious publica- 
tion entitled ‘‘A Rich Cabinet with a Variety of Inventions, 
etc.,” written by J. W. (i. e., John White, of London), who 
calls himself *‘a lover of artificial conclusions,” will be 
found an article on “ Divers rare, conceited motions per- 
formed by a magnet or loadstone.” 

A. D. 1678.——Redi (Francesco). well-known Italian scien- 
tist, physician to the Grand Duke Ferdinand II., publishes 
his *‘ Experimenta circa res diversas Naturales,” wherein 
he is first to communicate the fact that the shock of the 
raia torpedo can be communicated to the fisherman through 
the line and rod connecting him with the fish. 

See Leithead, *‘ Electricity,” chap. XII; the Firenze. 
1671 ed. of his ‘*Esperienze, etc.,” pp. 47-54; Sci. Am. 
Supp., No. 457, pp. 7,800-7,302. 

A. D. 1679.——Maxwell (William)--Guillelmo Maxvello 
--native of Scotland, author of *“ Medicina Magnetica,” 
offers to prove to various medical faculties that, with cer- 
tain magnetic means at his disposal, he could cure any of 
the diseases abandoned by them as incurable. (Blavatsky, 
‘* Isis,” vol. I., p. 215.) 

See J. H. Van Swinden, ‘‘Recueil de Mémoires, etc.”; La 
Haye, 1784, vol. II., p. 367. 

A. D. 1683.——Halley (Edmund), L.L. D., who became 
English astronomer royal, makes known his theory of four 
magnetic poles and of the periodical movement of the 
magnetic lime without declination. He states that the 
earth’s magnetism is caused by four poles of attraction, 
two of them being in each hemisphere near each pole of 
the earth. By the word pole he means a point where the 
total magnetic force is a maximum. or, as he himself 
styles it, ‘ta point of greatest attraction.” (Walker, *‘Mag- 
netism,”’ p. 317, etc.) 

One of the magnetic poles he places near the meridian 
of Land’s Eni, not above seven degrees from the North 
Pole, the other being about fifteen degrees from the 
North Pole in the meridian of California, while the two 
south magnetic poles are placed respectively about 16 and 
about 20 degrees from the South Pole uf the earth, and 95 
degrees west, 120 degrees east of London. 

In order to test Halley’s theory, the English government 
permitted him to make three voyages in the Atlantic Ocean 
(1698-1702), in vessels of which he had the command as 
post-captain. Humboldt states that these were the first 
expeditions equipped by any government for the establish- 
ment of a great scientific object—that of observing one of 
the elements of terrestrial force on which the safety of 
navigators is especially dependent. 

The result of these voyages was the construction of the 
first accurate Magnetic Chart, whereon the points at which 
navigators have found an equal amount of variation were 
connected together by curved Jines. This was the model 
of all charts of a similar nature since constructed. Halley 
remarked upon its completion: ‘The nice determination of 
the variation, and several other particulars in the magnetic 
system, is reserved for a remote posterity. All that we can 
hope to do is to leave behind us observations that may be 
confided in, and to propose hypotheses which after-ages 
may examine, amend or refute.” 

See copy of his chart in Musschenbroeck’s ** Essais de 
Physique,” or, preferably, in Bouguer’s ‘‘ Traité de Navi- 
gation,” where the lines for 1700 are in red ink, while those 
for 1744 are traced in black, thus readily indicating the 
changes in the declination. 

See Cavallo, ‘‘Magnetism,” and ‘Nat. or Exp. Phil.,” 
vol. IL., p. 278; Lloyd, **Treatise on Magnetism,” 1874, p. 
102; Sci. Am. Suppl., No. 224, p. 3,570, 3,571; Whewell, 
‘Hist. of the Inductive Sciences,” 1859, vol. L, pp. 396-8, 
435-7, 450, 451, 480, 481, and vol. L., p. 225; Giambattista 
Scarella, *‘ De Magnete,” 1759, vol. II.; also, G. Casali, 
** Sopra la Grandine, etc.,” 1767. 

AURORA BOREALIS, OR NORTHERN POLAR LIGHT, 

Dr. Halley was the first to give (Phil. Trans., No. 247) a 
distinct history of this phenomenon, Which has certainly 
an electric as well as magnetic origin, and to which Gas- 
sendi first gave the name it now bears, as has been stated 
at A. D, 1682, 
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The Practical Value of Seientific Investigation as 
Illustrated by the Work of Far: day and Maxwell. 


BY PROF. ARTHUR L. KIMBALL. 


It is impossible to escape the pressure of the so-called 
practical world. You will feel more and more the reaction 
of that influence upon yourselves, and happy will you be 
if there does not result a loss of enthusiasm in your work. 
Of what interest is it to our fellow meu whether the sea 
spider is really a spider or a crab, to say nothing of other 
investigations? And, no doubt, many investigations 
undertaken even in the green fields of literature seem to have 
treasured up only husks and withered leaves and uncouth, 
barren forms, neglecting the dewy blossoms and graceful 
living sprays. 

Evidently, 1t is of importance that we should consider 
the question, Can one work with enthusiasm in a cause 
which he suspects of being unworthy? And yet. the 
pressure of the active, bustling business world is so great 
that few can escape its influence so far as to be indifferent 
to its opinion. It would be difficult to ignore this opinion, 
even if it were right to do so; but as honest and earnest 
men we cannot do otherwise than face and answer it. 
That a true conclusion may be reached, let me ask, what 
are the world’s treasures? what are the choicest results of 
civilization? We shall hardly go far astray in enumerat- 
ing good government, securing justice and due liberty to 
all; then great ideas, poems, works of literature and art 
and the truths of science, all things contributing to the in- 
teilectual development of the race, and finally great inven- 
tions by which not only is laber saved and material com- 
forts multiplied, but knowledge is diffused. 

It would be a great error to suppose that successful busi- 
ness men have not contributed toward this heritage. 
Accumulated wealth has had much to do with the de- 
velopment of the treasures of the world; its railroads and 
telegraphs minister to our needs, both physical and intel- 
lectual, and whoever buysa worthy book ora noble picture 
has his part in the progress. Indeed, who would dare in 
the face of this audience and in view of the splendid gift 
which founded this university, as well as of the others 
which have followed in its train, and which have fostered 
whatever contributions it may have made to human know!l- 
edge, to say that wealth cannot be made an important in- 
strument in advancing even the intellectual develop- 
ment of the race? But it is by the student and individual 
worker that the advance must be directly made. Wealth 
can encourage these, but it is powerless without them. 
It is, therefore, the great function of a university to foster 
this spirit of devotion to ideals, to held up a high standard 
of intellectual life, to encourage the pursuit of the truth for 
the truth’s sake, and without thought of any immediate gain, 
knowing well that for real progress there must be a class 
of men who are willing to give laborious days and weeks. 
and even years, to the patient. careful searching out of the 
truth. What though some investigations may not seem to 
have any possible result which shall be at all commensurate 
with the effort, without this class of investigators there 
would be scarcely any progress at all. 

The words of Faraday, who was a wise man as well as a 
prince of investigators, have a ae uliar interest in this con- 
nection, Said he to Tyndall: ‘There is nothing so pro 
lific of utilities as abstractions;” and no better illustration 
of the truth of this remark can be found than in his own 
work and its outcome. See him in his laboratory trying 
to see whether a current of electricity flowing in a coil of 
wire will start another current in acoil placed near it. 
The wires are connected to the galvanometer which is to 
detect the current, but there is no motion of the needle: 
disappointed, he stops the flow of his main current, and 
instantly there is a slight motion of the needle—perhaps it 
was jarred, but really it was not=<—-and the trifling circum- 
stance 1s examined more carefully. 

What a useless waste of time! saysone. But in that 
moment was born the age of electricity. In this instance 
the resulting good was a practical utility that all can read- 
ily understand in its bearing on our material prosperity. 

Turn for a moment to the work of James Clark Maxwell, 
the great Scotch physicist, who died about twelve years 
ago while professor of physics in the University of Cam- 
bridge, and who must rank with the first men of science 
of this century. He was a quiet—almost taciturn—man 
who might have been taken fora North Country laird, ab- 
sorbed in such subjects as the theory of electricity and 
magnetism, the nature of color vision, the explanation 
of the properties of gases, by conceiving them 
to consist of myriads of particles, bounding and 
rebounding from each other and_ the sides’ of 
the containing vessel—a man whose insight into physical 
truth seemed almost infallible. Maxwell left, besides other 
things, a mass of scientific papers, which have recently 
been gathered intotwo splendid volumes, unintelligible to 
the general reader, but well repaying the careful study of 
him who is willing and able to follow the exact mathe- 
matical form in which they are expressed. In these abstruse 
papers there is developed a theory, which, before many 
years go by, will be as familiar to every intelligent person 
as the idea of the conservation of energy now is. 

But, perhaps, some one will say, if it is possible that the 
theory can be so stated as to be understood by the way- 
faring man, is it not pedantry to develop it by these ob- 


*Extract from an address at the commencement exercises of Johns 
Hopkins University, 
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scure mathematical processes, which can only be inter- 
preted hy comparatively few? Why not write at once for 
the many? To this it may be said that it was only possible 
for a master mind to develop the relations between elec- 
trical actions and light. and that only by the aid of power- 
ful mathematical processes. When the task is done, there 
are many interpreters, whose task it may be to explain and 
disseminate the newly found truth, 

This theory, which recent experiments may almost be 
said to demonstrate, tells us that the medium, sometimes 
called the ether, through which waves of light travel from 
sun or star to the earth, is also concerned in all electrical 
and magnetic actions, and just as sound waves are sent out 
in the air from a rapidly vibrating body, so will waves of 
electrical disturbance be sent out into the surrounding 
space when the electricity in a conductor is made to 
rapidly oscillate to and fro. These waves of electrical 
disturbance are found to have the same _ velocity 
as light waves, and they are a disturbance of the 
same medium—the ether—in which light waves exist; the 
conclusion at once follows that waves of light and waves 
of electrcal disturbance are the same thing, and each 
glowing particle which sends out waves of light is a centre 
of electrical disturbance, in which the vibrations are tak- 
ing place with almost inconceivable rapidity. 

To have revealed sucha truth to the world is an incalcu- 
Our eyes are opened toa new unity in nature; 
a new aud comprehensive view of the outer world is possi- 
ble to us. Our vision is clearer, and our spirits are lifted 
by the sense ef an achievement in which the whole race 
has an interest. 


lable boon. 
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Kapid Transit by Electric Motors: A Challenge.* 


By F. J. SPRAGUE, 

The Rapid Transit Commission of New York recently an- 
nounced a decision in regard to a route, construction and 
motive power, which was founded on extensive investiga- 
tion, provided well for the future growth of the city, and 
met with general commendation. Since this decision was 
made, its wisdom has in certain quarters, presumably rep- 
resenting existing corporate interests, been most indus- 
triously attacked. and one of the principal criticisms has 
been that upon motive power. So far as these relate to any 
form of propulsion other than electric they are sound, but 
when directed against that particular method they are 
not so. 


These criticisms are unquestionably dictated by one of 


two reasons; either they are intended to make the raising 
of capital for the new enterprise difficult by assailing the 
soundness of the commission's decision, regardless of facts, 
in which case all argunient is useless, or they are founded 
on a real belief in the inability of electric motors to do the 
work required. 

The form this comment has taken is that there is no 
eleciric motor yet ‘*invented” which can propel even one 
loaded elevated car 30 miles an hour. The objection thus 
embodied can be easily. disposed of if those making it are 
firm enough in their belief to put it to practical test. Itis, 
of course, essential before money is subscribed for the new 
road that confidence should exist that electric motors can 
do what is claimed for them, and it may be necessary to 
make an actual demonstration on a large scale without 
committing the construction company to be subsequently 
formed to any particular system. 

Having been somewhat actively identified with the de- 
velopment of electric railways in this country, aod having 
urged upon the commission the necessity of electric pro- 
pulsion, Iam entirely ready to make a demonstration as 
follows : 

Let a section two miles long be provided on the Second 
Avenue, the Suburban or the New York & Northern Rail- 
way, which shall fairly represent a station section of the 
express track on the proposed underground road, for use 
at night when not required for regular traffic. 

Set apart a train of six standard elevated cars. These 
will weigh when empty 71 tons, and can carry when 
crowded to the utmost about 500 passengers, weighing 37 
tons, making a net weight of train without motive power 
of 108 tons. 

“4 this loaded six-car train be propelled in two ways: 

1. By a separate electric locomotive. 
By a system of motors, one on 
trolled from a pilot locomotive. 

Let the condition of operation be: 

A maximum speed of not less than 40 miles per hour 
on a level. 

Power to stop the train without the use of brake 
shoes, and independently of the main station current. 

These requirements, both as to weight and speed, are 
double those now characterizing the operation of the Lon- 
don road, and represent a capacity of eight times that 
mentioned in the criticism. 

I will undertake to make this demonstration prior to the 
formation of a construction company, with free subsequent 
competition for regular equipment under either of these 
conditions: 

1. The Rapid Transit Commission to require the success- 
ful bidder for the franchise to pay the costs of the experi- 
ment to an amount not exceeding $50,000, 

2. The forfeiture of a like sum, in case I succeed within 


each truck, all con- 


* Addressed to the Rapid | Transit Commission of Naw York Cit City. 
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a specified time, by any person or newspaper that will take 
up my challenge. 

3. On the other hand, entire loss to me if I fail. 

4. The time to be four months from acceptance of this 
proposal, barring labor troubles, with one month leeway, 
at a forfeiture to me of $100 a day for each day of the 
month over the four months, and a premium of like 
amount for every day under four months. If the cost of 
the experiment shall be less than $50,000, the saving to go 
to the benefit of whoever pays for the demonstration. 

It will be noted that this experiment is entirely at my 
personal risk, with time limitation, and without any direct 
pecuniary value to me, but is proposed to demonstrate the 
soundness of the decision made. 

As an evidence of my faith, I am ready to deposit a sum 
which will guarantee the good faith of this proposal. 

a a ee 


High Steam Pressures in Electric Light Plants. 


Considerable interest has lately been taken in the sub- 
ject of carrying high steam pressures for compound, triple 
expansion and quadruple expansion engines in connection 
with the operation of electric light, electric railway and 
other plants of a similar character. To those who are con- 
nected with the operation of these plants the following 
table will-prove of interest. It gives the various installa- 
tions which have been made in foreign countries of Bab- 
cock & Wilcox boilers of high pressure, by the Glasgow 
factory of the Babcock & Wilcox Company. The press- 
ures given in the last column are those which are in actual 
daily use in the various plants mentioned, and, as will be 
seen, many of them are above 200 pounds. 

In this country the Babcock & Wilcox Company has 
put out a large number of boilers at equally high pressures, 
among which are those built for the -Wood Vulcanizing 
Company, of New York City, which have been running at 
235 pounds pressure in daily service for several years past. 
Anuther notable installation is a battery of four 100 h, p. 
boilers which has recently been erected at the Baldwin 
locomotive works in Philadelphia to carry 225 pounds 
pressure. A similar installation is now being erected for 
the Schenectady locomotive works. Considering the de- 
mands for greater economy not only in the use of fuel but 
also in the space occupied by boiler installations, the follow- 
ing table is of great interest: 
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Test of the Electr ¢ Street Railway Plant at Cham- 
paign and Urbana, I11.* 


BY W. A. BOYD. 

Tests were made on an electric street railway plant con- 
sisting of an 80 h. p. Ideal engine, making 250 revolutions 
per minute, driving a United States dynamo of 40,000 

vatts capacity. The method of driving is by friction belts 
between the pulleys. The engine pulley is six feet in 
diameter and the dynamo pulley about three feet. Four 
belts, four and one-half inches wide, cover the circumfer- 
ence of the dynamo pulley. These are prevented from 
coming off by flanges on the pulley. The pressure between 
the pulleys is maintained by a screw on the sliding frame 
of the dynamo. 

This plant furnishes power for about two miles of street 
car track between the cities of Champaign and Urbana, 
Ill., also power for twosmall motors and about 100 in- 
candescent lights. Ordinarily two motor cars, carrying 
motors of twenty nominal horse power each, are run. For 
additional traffic trailers and more motor cars are added, 

Ten tests of this plant were made, each test lasting 20 
minutes, this being the length of one complete trip. The 
tests were begun when the cars were at the end of the line. 
Indicator cards were taken each minute during the test. 
During this time speed indicators were run continuously 











*From the Zechnograph, 
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from the engine and dynamo shafts. The speed of the 
engine, while taking a card, was read from a tachometer. 

In the morning, between the hours of 9 and 12. the power 
required varied from 9.1 to 54.6h.p. The average for the 
time, while running two cars only, was 20.7h. p. In the 
afternoon, between the hours of 2 and 5, the power 
ranged from 11.5to05523h. p. The average power re- 
quired during the time was 21.07 h. p. The average power 
required for the day was 20.88 bh. p. 

To determine the frictional] loss due to increased pressure on 
the bearings, successive positions of the tightener screw were 
arranged, advancing the dynamo by thirty-seconds of an 
inch. Table I. gives the average of a number of cards taken 
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at these positions. Of these positions Nos. 1-5 are below the 
limit for ordinary running, and No, 10 is above the limit for 
cool bearings. Table II. gives another set of values taken at 
a later time for positions advancing the dynamo by sixty- 
fourths of an inch, The positions, one to four in the sec- 
ond set, lie between six and eight in the first set. They 
show a slight increase in engine friction, but a decided de- 


crease in the total friction. 
TABLE I. 





Dynamo and engine friction. 




















i cig aclneilgeiclonnpewenenintsiionion 
| | | | 
co ee 2) oo 6) ee FEST eR 
—— a o- | —- | — ——. joe 
3.047 | 4.318 — 4.774) 4.71 | 4.871 4.438) 2am 5.705) oan 6.498 
! - - - — 
TABLE II. 
| Dynamo and engine friction. 
Engine. ’ 1 
1 2 3 4 
3.312 3.77 | 4.827 | 4.619 | 4.338 


TABLE III. 








Posi- >| Eng. fric- | > a vant| Mech. loss 
Set. |iion |! uP, ao |H. P. trans.|<lip per cent)" “fj 'p 
1 4 | 20.036! 3.312 | 16.724 | .38 1.522 
2 4 19 875, 3.312 16.563 383 1.522 
8 3 19.549 3.312 | 16.237 .85 1.307 
4 R | 19.45 3.312 16 138 1,387 1.307 
5 2 | 28.92 3.312 25.608 1.655 | 1.015 
6 1 25.698 3.087 | -458 


29.01} 3.312 
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To determine the velocity ratio of driver and follower, 
continuous readings were taken from both while running 
light. The value thus obtained was compared with the 
values for different positions obtained when running cars, 
and the per cent. slip calculated for these positions. 
These results are given in Table III., together with the 
mechanical losses due to friction. An examination of this 
table shows that for all powers under 30 h. p. the total sum 
of frictional losses and losses due to slip is a minimum for 
the loose position; while for powers greater than 30 the 
most economical point is at the tighter positions. 

In order to obtain the pressure on the bearings in this 
case, a lever 48 inches long was bolted to the tightener 
wheel, and the pull required read from a spring balance. 
By several trials the pull required to move the dynamo on 
its frame alone was 14 pounds. The pull required to move 
the dynamo while in running position was 20} pounds. 
The mean radius of the screw was .6887 inch, and the 
pitch one-fourth of an inch. Using .15 as the coefficient of 
friction, the pressure on the bearings was found to be 
2,160 pounds. 

As acomparison between this system of driving and 
driving by means of belting, a calculation was made tak- 
img as an extreme case the distance between driver and 
follower equal to one inch. Using the ordinary formule 
for belting,the pressure on the bearings necessary to trans- 
mit the maximum power was found to be 884 pounds. 
This gives the pressure on the bearings but little more 
than two-fifths of the pressure required by the present 
method of driving. The width of the belt taking into con- 
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sideration centrifugal action was calculated and found to 
be ten inches for a one-quarter inch belt. 

These results sem to show that for street railway work. 
or where the demands for power vary so much, the ordi- 
nary belt driving is superior in economy to driving direct 
by means of friction pulleys. 

0 em 0 


The Reno Underground Railway. 


We give herewith a couple of views showing the con- 
struction contempla ed for the Reno tunnel system, one of 
the prominent plans for underground work considered by 
the Rapid Transit Commission. In a previous issue we gave 
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a general account of the methods of construction employed, 
so that the present note will be more on the details than on 
the fundamental engineering character of the plan. 

Fig. 1 shows a cast-iron construction that it is proposed 
to substitute for the concrete walls and masonry in places 
where, from very great dampness of the ground or other 
special reasons, the concrete walls of the general system 
prove undesirable. For example, in running a line of 
Reno tunnel up Broadway, the cast-iron construction 
would be employed for a corsiderable portion of the length 
in the lower part of the city, below Grand street for in- 
stance. In this the walls, roofs and floors are composed 
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that part of Manhattan Island. As before mentioned, the 
grouting would be freely used to make the tunnel perfectly 
tight and prevent any difficulties from moisture or sewer 
gas forcing their way in. 

Fig. 2 is worth special notice as showing the method of 
ventilation proposed. This consists in placing a 54-inch 
fan in a ventilating flue at each station, drawing its air 
from the street above and forcing it at the rate of 32,000 
cubic feet per minute into the tunnel. This is quite suf- 
ficient for ventilation, even if there were no other means 
of keeping up the proper circulation through the motion of 
the trains. 

As we have before said, the Reno tunnel is unusually, 
simple and exceptionally easy of construc- 
tion. The four tracks are placed in the mini- 
mum amount of space, and the stations and tracks can 
be reached very readily, instead of spreading the tracks 
and taking ;passengers akove or beneath them to 
get at the -express service. The double-deck tunnel 
certainly possesses great advantages in the matter of 
compactness, and, as a tunneling feat, is much easier 
to build on account of the far Jess roof space required. 
In the construction of a road on this principle the 
motive power will be, of course, electricity, and the con- 
ductors could be so placed as to allow a sufficiently high 
voltage to be employed to render the use of one or two 
large central stations sufficient for distributing power over 
the entire length of the line. Electric motors driven 
from the same source of supply would operate the venti- 
lating fans, and the lighting of the tunnel could be carried 
on either from thesame mains or from regular incandes- 
cent mai is similarly supported. The form of insulation 
proposed for this work is worth a moment’s notice, inas- 
much as it consists of a vulcanized hardwood rod about 
five feet long, supported by cast-iron sockets at either end 
and carrying the working conductor in the middle. The 
result of this method is to give a stiff and firm support to 
the working conductor, and at the same time to reduce 
the amount of leakage to a minimum, inasmuch as any 
current escaping would be compelled to sneak along the 
surface of the small wood rod for about 30 inches. 

In the report of the Rapid Transit Commission the use of 
the double-deck tunnel was spoken of in the most favor- 
able terms for at least a part of the route proposed, and its 
advantayes over the use of four tracks on a level are suf- 
ficient to commend it for the entire distance to be covered. 
With the latter construction a very wide roadbed and 
wide roof are both necessary, beside there being the incon- 
venience in access to the tracks previously noted. One of 
the good points of the Reno plan, with its comparatively 
easy construction, is the rapidity with which the work can 
be accomplished if it should be undertaken. With very 
little disturbance of the ground above and no serious 
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FIG. 1.—-RENO CAST IRON TUNNEL. 


of flanged panels of cast iron about two feet’in width, set 
in place in the rear of a shield pushed forward 
hydraulically; this shield will not be circular, as 
in most cases where it has been employed, but. rec- 
tangular in section to cut the tunnel to the exact size 
necessary. The shield will be advanced for two feet. and 
then the eight iron panels will be placed in position and 
bolted at the flanges, after which a grouting of liquid cement 
will be forced through holes left for the purpose and form 
a solid packing that both prevents the entrance of water 
and shields the iron from corrosion. The method is a com- 
mon one in tunneling work, and has been employed on the 
Croton Aqueduct. In the upper part of the city the origi- 
nal plans described in our previous article on the subject 
would be followed as being simpler, cheaper and more 
easily applied in ground of the character to be found on 


undermining of the streets or interference with founda- 
tion work, it can be carried on simultaneously with a large 
number of headings, and the tunnel forced through to 
completion in much less time than would be practicable 
were an elaborate masonry subway tw be constructed. 

The engineers of the Rapid Transit Commission are now 
cogitating the question of methods of construction, and it 
seems not at all unlikely that Mr, Reno’s ingenious plan 
will be favorably considered, for at least a considerable 
portion of the route. A decision in favor of an under- 
ground road is now generally conceded except by the 
mouthpieces of the elevated roads. It is really the only 
practicable solution of the rapid-transit difficulty in this 
city, and the sooner the work is undertaken and completed 
the better it will be for the citizens of this overburdened 
metropolis. 
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Some Effects of Alternating Current Flow in Circuits 
Havisg Capacity and Self-Induction.* 


BY DR, J. A. FLEMING. 

On December 5, 1890, Mr. Ferranti placed at my disposal 
two lengths of the trunk mains running from Trafalgar 
square to Blackfriars, for the purpose of measuring the 
capacity. The length of cable used was 2,399 yards, or 
1.3863 statute miles. The capacity of one of these lengths 
(No. 3 cable) was found in the usual way (taking the capac- 
ity between the inner and outer members) to be .5 micro- 
farad for the whole length, or atthe rate of .367 microfarad 
per statute mile. It follows from this that the specific in- 
ductive capacity of the material used is about 3.4 
(air = 1). Using the other cable No. 4), the 
copper resistance was found to be .324 legal ohm, 
or .328 B. A. unit per statute mile, reckoning 
the resistance per mile run of the cable, and including, 
therefore, both the inner and outer conductor. The insula- 
tion resistance between the inner and outer member of the 
first cable was found to be at the rate of 720 megohms per 
mile. The instruments used in taking these measurements 
were a half-microfarad condenser by Dr. Muirhead, and a 
legal ohm Wheatstone bridge and megohm standard, kindly 
lent by Messrs. Elliott Bros. for the purpose. The tem- 
perature of the ground on that day was near the freezing 
point, and Nature saved us the trouble of reducing the 
values to zero centigrade. 

The remaining element required is the inductance of the 
cable per mile. Fortunately, the form of cable which is 
the best for practical reasons is almost the only case in 
which the inductance can with no great difficulty be cal- 
culated with any required degree of accuracy from the di- 
mensions of the cable. Lord Rayleigh has solved fur us 
the problem of the inductance of a pair of concentric con- 
ductors placed co-axially. His formula, as given in his 
paper in the Philosophical Magazine of May, 1886, p. 385, 
is as follows, when translated into my nomenclature, and 
the values of the magnetic permeabilities of the materials 
all taken as equa! to unity: 





; R 
L = inductance per unit of length = 2 log = 
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The logarithms are all Napierian, and the values of R,, Rg, 
R, and R, may be taken in any units, as only their ratios 
are required. 

The values of the chief functions of the radii of the tubes 
have been given above, and, making the substitution, we 
have for the inductance of one centimetre run of the cable 
the following value: 

L = 2 log 2.27 + 1.6872 log 1.444 + 223.068 log 1.051 — 

(.9185 + 10.561). 

Remembering that the logarithms here are Napierian, 
and that the logarithms to base 10 must be multiplied by 
2.8026 to reduce them to the Napierian base, we have asa 
final result of the calculation, 

L = 1.7755 centimetres. 
Hence, since one statute mile = 160,931.5 centimetres, the 
inductance per statute mile of the Ferranti cable is 285,734 
centimetres = .0002857 of a henry, or 285.7 microbenrys. 

This result will be accurate to just the extent to which 
the diametrical measurements of the conductors are 
accurate. 

Collecting our results, we have for one statute mile run 
of the Ferranti trunk main the following values as deduced 
from measurements on the particular lengths employed : 

( Copper resistance at ) 
=< 0° Cent. of lead} = 


) .824 legal ohm per mile, 
and returp.... >.<. ( 
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Insulation resistance ) 720 megohms per mile 
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om )} and outer con-{ ~ |} mile. 
L ~~ GUOEOR. oo c0e voee J | 
L= Inductance.......... = 285.7 microhenrys per mile. 


The formula given above for the inductance per unit of 
length can be applied to strarded concentric cables with a 
fair degree of approach to accuracy. 

Suppose that we are sending periodic currents having a 
frequency of 67 through the Ferranti cables, then, if n = 
frequency = 67, 2 7 n= 421=p, and 4 z* n® = p? = 
177,241. 

Hence, since R = .824 ohm, and L = .000286 henry we 
have VA R? + p? L?= .8455 ohm for the impedance per 
mile, and we see that at this frequency the impedance ex- 
ceeds the resistance by about seven per cent. of the latter. 

From the data thus given other functions of the capacity 
C, inductance L, resistance R, and impedance J per mile 
can be built up, which will: be required presently. These 
are— 

"y 
P= cP} J/R*+p*L?—pL . = .00001738; 
Q =°P JRTTp TL + pL = .00008597. 
Hence, also, 
P= .004168, Q@ = .005997 ; : 
; P® + Q* = .00005335, t= 47 
(2PR+2QLp) = .004147; 
(2 PL p* —2 Op R) = — 1.216. 


10° ’ 


* Continued from THE ELECTRICAL Wor LD, June 13, 1891. 
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All the quantities refer to one mile run of the cable. 

15. In the course of various experiments during the lay- 
ing of the cable, it became evident that a conductor” hav- 
ing so considerable an electrostatic capacity behaved in a 
curious manner under some circumstances when long 
lengths were connected up toa transformer. This behavior 
has been much misunderstood, and much misdescribed. 
Remarkable phrases have been coined with reference 
to it, such as ‘‘the piling up of the volts,” or “packing up 
of the volts,” which are not very lucid descriptions of 
what really dves occur. Ingenious theories have been 
constructed, also, to account for phenomena which do 
not exist. Briefly stated, it appears to be as follows: 
When an insulated and sufficient length of the cable 
has its inner and outer members connected to the ter- 
minals either of a trausformer or of an alternator hav- 
ing an armature of sufficient inductance, it is observed that 
under these conditions the potential difference between the 
inner and outer members, measured anywhere along the 
length of the cable, is generally greater than would be the 
potential difference of the terminals of that alternator or 
transformer if the cable were very short, or not present at 
all. This seems to hold good also when the far ends of the 
inner and outer members are connected together through a 
not very small resistance, such as a row, of incandescent 
lamps in series, or a high-resistance voltmeter, or trans- 
former lightly loaded. The cable acts in all apparently as 
one single condenser would do, and in no case, as far as 
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is 20,224 yards, or 11.49 statute miles. Arriving back at 
Deptford, the current was again reduced from 10,000 to 
2,500 volts, and the energy taken up in water resistance 
in a water tank at the latter pressure. The press- 
ure at different parts of the system was measured by 
Cardew voltmeters, the high pressures being reduced 
by 100:1 pilot transformers. The currents were 
measured by Evershed ammeters. The current and 
pressure were measured at four places, viz.,at the termi- 
nals of the dynamo, at the beginning or entrance of the 
trunk main, at the end of the trunk main, and, after re- 
duction, atthetank. Observers stationed at these different 
instruments took simultaneous observations at a signal 
given by the sound of a whistle, and in this way the simul- 
taneous values of the pressure and current were obtained 
at these four places. The transformers used for raising 
and lowering the pressure were the 150 h. p. size, having 
on the primary side 1,120 turns of wire, of resistance 2.5 
ohms, and on the secondary side 280 turns of wire, having 
a resistance of .2442 ohm. Hence these transformers 
were 4:1 transformers. There were, in addition, a pair 
of pilot transformers, which had a change ratio of 100 : 1, 
and which reduced from 10,000 to 100 volts for voltmeter 
purposes. The observatiors consisted in exciting the dy- 
namo to various voltages, and observing the current and 
pressure at the four places named, while different loads 
were placed on the system by taking up more or less cur- 
rent in the tank. 


TABLE I.—EXPERIMENTS ON THE PRESSURE DISTRIBUTION IN THE FERRANTI TRUNK MAINS. 





ee 








i iI. Et. IV. ‘ : VII. VIiIl. ix. | X. XI. 
No | Atdynamo terminals. | Dynamo At home = of trunk At far end of trunk main.) Pressure At the tank. 
of exper-| ——_-——___—__—— |_ Paeaeure | kta 
Senemt. multiplied jmultiplied | 
* | Pressure. Current. | by 4. Pressure. Current. Pressure. Current. by 4 Pressure, Current. 
1 2,177 121.4 8,708 9,06) 29.2 8,950 26.5 8,640 2,160 118.2 
2 2,385 119.4 9,544 10,100 31.5 | 9,750 25.0 9,504 2,. 76 117.1 
3 2.458 139.4 9,832 10,309 22.1! 10,120 28.0 9,840 2,460 116.0 
4 2,177 119.3 8.708 9,110 29.2 8,930 26.5 8 640 2.160 116.0 
5 2,311 115.2 9,244 9,700 28.7 9.570 24.8 9,408 2,352 106.5 
6 2,251 110.3 9,004 9,600 27.6 9,280 24.3 9,024 2,256 105 5 
7 2.568 106.1 10,272 10,490 27.0 10,070 23.3 9,792 2,448 101.6 
8 1,994 108 1 7,976 8,420 26.0 8,200 23.3 7,872 1,968 100.7 
9 2,448 100.0 9,792 10,170 24.0 \ 10,690 19.0 10,128 | 2,582 56.6 
10 2,496 92.8 9 984 10,560 | 22.0 10,590 17.0 10,512 2,628 56.0 
ll 2,400 92.8 9,600 10,360 | 21.5 10,490 16.3 10,224 2,556 65.5 
12 2,311 64.1 9,244 9,700 17.0 9,770 Not taken. 9,600 2,400 42.2 
13 2,780 41.7 $,1 0 9,870 11.0 9,900 c 9,736 2,431 0 
14 2,328 41.7 9,312 9 970 11.0 10,000 0 9,880 2,470 0 
15 1,620 | 42.7 6,480 7,240 10.0 | 7,350 0 7.248 | 1,812 0 
16 1,104 | 24.4 4,416 1 5,200 5.0 5,200 0 4 964 | 1,241 0 
17 1,212 24.4 4,843 5,500 9.0 5,500 0 5,456 1,3°9 0 
18 1,308 24.4 5,232 5.900 9.0 5,900 0 5.740 1,435 0 
19 1,800 37.6 7,200 7,920 10.0 7.920 0 7,784 1,946 0 
20 2,136 | 48.8 { 8,544 9,380 12.0 } 9,410 0 9,244 2,311 0 








is known, is there evidence of a continuous rise 
of pressure along the trunk mains themselves. The press- 
ure at the London end is not found to be greater than at 
the Deptford end. The coadenser effect is increased ap- 





Fic. 10.—ALTERNATING CURRENT FLOW. 


Vi, Vg, Vz, Us—Voltmeters; @,. Ay, dg, a4,—Ammeters; D—Dynamo; 
T- Tank; 7,—Step-up Transformers; 7,—Step-down Transformers ; 
M—Trunk Mains. 
parently by increase of length of the main, at least within 
observed limits, and in all cases the main acts as if it were 
a condenser bridged across between two parallel mains 
without capacity. When current flows into the cable there 
is a flux across the dielectric from inner to outer member 
which constitutes the condenser current of the mains, and 
the outflowing current is in general less in magnitude than 
the inflowing current, although not always necessarily so. 
The current flowing out at the Londun end may be called 
the work current. There is a difference in phase between 
the work current and the condenser current. The ingoing 
current is the resultant of the work and condenser current. 

16. In order toexamine the phenomena of these trunk 
mains more closely, some experiments were made on one 
length of nearly 12 miles of the cable by joining the con- 
ductors of two trunk mains in London, and having both 
ends of this gigantic loop of concentric cable at our dis- 
posal in the Deptford station, These experiments were 
arranged by Mr. Ferranti to give Mr. Preece, Major Cardew 
and me the opportunity of obtaining measurements of 
these condenser effects in the Ferranti trunk mains, The 
experiments were made on Friday, January 9, 1891, at 
Deptford, and Mr. Ferranti, Mr. Sparks, Mr. D’Alton, 
Mr. McLean and the assistant engineers took part in 
carrying out these measurements. The arrangements 
were made as follows (see Fig. 10): Oneof the 1,200 h. p. 
dynamos (No. 2) was set apart for the purpose, and excited 
so as to supply current ut about 2,500 volts orso, The cur- 
rent from this dynamo was led through the primaries of 
two 150 h. p. transformers joined in parallel, and which 
raised the pressure from 2,500 to 10,000 volts, At this press- 
ure a current from the secondaries was sent into the con- 
centric cable at Deptford. thence to the sub-station in Traf- 
algar square in London by one main. This total distance 





17. From a large number of observations the following 
are selected as showing the general results obtained, and 
are set forth in Table I. The first column gives a number 
for each experiment. The second and third give the press- 
ure and current at the dynamo terminals. The fourth 
column is a series of numbers which are four times those 
in the second column, and are the pressures to which the 
1 : 4 step-up transformers at the home end would raise the 
dynamo pressure if the cable were absent. The fifth and 
sixth columns give the pressure and current at the home, or 
dynamo, end of the trunk main, and it will be seen that in 
every case this observed pressure is greater than four times 
the pressure at the dynamo terminals. The seventh and 
eighth columns give the pressure and current at the far end 
of the trunk main, and it will beseen that in every case the 
current flowing out of the main is less than that going 
into it. Columns X.and XI. give the pressure and cur- 
rent after reduction by the step-down transformers, at 
which pressure the energy was taken up on water resist- 
ance in a tank. Column IX. gives the pressure on the 
primary, or cable, side of the 4:1 step-down transform- 
ers, which would be necessary to give the pressure ob- 
served at the tank if the cable were not present. 

18. We have then to see how these observed values agree 
with theory. It must ke, however, stated that these num- 
bers and values so observed are not minutely accurate. 
Owing to the fact that the speed of the dynamo vaned 
slightly, and to the fact that the Cardew voltmeters used 
were set vertical and not horizontal, some degree of inac- 
curacy exists in the readings of current and pressure, but 
the figures are perhaps sufficient to test the general agree- 
ment of fact with theory. 

We note, first, that in the experiments at full load, when 
118 ampéres was being taken up in the resistance, the 
load on the transformers was about 340 h. p., and hence 
the two 150 h, p. transformers at each end joined in par- 
allel were slightly overloaded. Under these circumstances, 
the inductance of the transformers at the step-up end is 
reduced practically to a very small value, and we may 
consider that the actual current of 30 ampéres or so flow- 
ing in the cable can be considered to be the resultant of 
two superimposed currents differing about 90 degrees in 
phase from one another. There is, first, the work current of 
26.5 amperes in Fxperiment I., which is flowing out of the 
cable, and which is practically in synchronism 
with the impressed electromotive force in the second- 
ary circuit of the step-up transformers. Then there 
is the condenser current of the cable considered as one 
single condenser. which will be 90 degrees in advance in 
phase of the impressed electromotive force creating this 
charge. Hence the values of the ingoing currents given in 
column VI. are the resultants of the outgoing current 
given in column VIII., and the condenser current of the 
cable, which is in (quadrature with the last. Hence the 
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magnitude of the condenser current must be the square 
root of the difference of the squares of the currents given in 
columns V1. and VIII., which may be called respectively 
the resultant current and the work current. 

Taking the first six experiments in Table I., we cal- 
culate from them the square root of the difference of the 
squares of the currents incolumns VI. and VIII. of Table 
I,, and write them as in Table II. below. 

TABLE II. 





Condenser current 


Resultant current | Work current of cable 
goingintocable | coming out of cable snag 
= a. | b V¥a*— 0?. 

Ampéres. Ampéres. Ampeéres. 

29.2 26.5 12,2 

31.5 28.0 14.4 

82.0 | 28.0 15.5 

29.2 26.5 12.2 

28.7 24.8 144 

24.3 13.1 


27.6 


Unfortuaately, the speeds of the dynamo were not taken 
at each observasion ; but the normal frequency of the cur- 
rent from these dynamos is 67, and in these experiments 
the dynamo speeds were marked as rather beluw the nor- 
mal. If n = 67,27 = p = 421. It is probable that the 
value of p was not greater than 400 in these experiments. 
We have seen (equation 2, ante) that if v is the instantane- 
ous potential difference of the condenser terminals, and ¢ 


rea . . , dt 
the current flowing into it at any instant, i = C at’ Hence, 
on the assumption of a simple periodic variation of the 


: d , 
current,we may write p for ai’ and put as the value of the 


square root of the mean square of the condenser current, /, 
the expression, 
f= ocy, 

where C is the capacity, and V is the potential difference 
of the terminals of the condenser as read by an electrostatic 
or Cardew voltmeter. It then follows that the capacity of 
the cable is determinable from the values of the condenser 
current, J, the pressure, V, as read at the step-up end, and 
from the known value of p. 

We may examine how far the capacity value so deduced 
agrees with measurement. 

We tabwiate in columns the values of the condenser cur- 
rents J, found from Table IL., and set against these the mean 
potential difference of the inner and outer members of the 
cable as the mean potential difference of the surfaces of the 
condenser. Calling these last values V, we then calculate 


the capacity (’, in wicrofarads from the formula 
I 
C a > x 108, 
py 
on the assumption that p = 400. These results are set down 
in Table Ill. The values of the potential V are the means 
of the pressures given in columns V, and VII. of Table I. 
as the pressures at the step-up and step-down ends of the 


trunk main. 
TABLE ITI. 


ei 
Mean potential | Calculated capacity 

difference of condenser} for the whole 

surfaces, V,of cable | length of cable in 


Condenser 
currents, J, in 
ampéres taken 


from Table Il. in volts. microfarads. 
12.2 9,005 3.4 
14.4 9,935 3.6 
15.5 19,219 3.8 
12.2 9,020 3.4 
14.4 9,635 3.7 
13.1 9 440 3.5 


The mean electrostatic capacity of the 11.5 statute miles 
of the cable in use is therefore about 3.6 microfarads, as 
deduced from these experiments, On the day following 
these experiments the electrostatic capacity was measured 
at Deptford by Mr. H. R. Kempe, using a microfarad 
standard and a battery of about 18 Daniell cells, and taking 
galvanometer throw observations in the usual way. Mr. 
Kempe found the capacity, under these circumstances, of 
the respective mains to be about 1.98 and 2.02 microfarads, 
or in all about four microfarads. Accordingly, we see 
that the capacity, as deduced from the mean calcu- 
lated condenser currents and the observed pressures 
at the ends of the mains, comes out a _ little Jow 
compared with the measured steady value; but the 
speeds and pressures were hardly observed with sufficient 
accuracy to make a closer agreement very likely, and the 
condenser current values are probably affected by some 
errors. It may be observed that the effect of a small but 
definite inductance in the fine-wire circuit of the step-up 
end existing unannulled at full load would be to lower the 
condenser currents, and hence to lower the calculated 
capacity. I think it is pretty clear that what may be 
called the normal condenser current of the 11.5 statute 
miles of the trunk mains is about 14 or 16 ampéres under a 
working pressure of 10,000 volts at the step-up end of the 
main, and at a frequency of about 67 for the circuit. This 
is what is generally observed. 

On one occasion, when the writer was engaged with Mr. 
Ferranti in testing the trunk mains, we had a similar ar- 
rangement of the system to that above described, viz., a 
length of 11.5 statute miles of trunk main looped in London 
through two step-down and step-up transformers in parel- 
lel. and a similar set of transformers at Deptford. 

Two 100 c, p. lamps were put on the far end of the sys- 
tem at Deptford, just to give indication of a current flow- 
ing through the system ; otherwise there was no load. 
When the dynamos were excited so as to give 2,5v0 volts on 
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raised to 10,000 volts in the mains, we found a current of 
about, 64 ampéres going out of the dynamo at 2,500 volts. 
This would correspond to 16 ampéres or so in the trunk 
mains. The actual working current at this time was 
merely the magnetizing current of the step-down transform- 
ers and the normal current required for the lamps. Hence 
this experiment agreed in showing that the normal con- 
denser current of the trunk mains at 10,000 volts pressure 
and a frequency of 67 is about 1.4 ampéres per mile run of 
the cable. 

19. Let us next examine how far the observations taken 
with no load on the secondaries of the step-down trans- 
formers agree with the foregoing. In this case we restrict 
our view to the last eight observations recorded on Table 
I, The numbers in column IV. give us at once the con- 
denser current of the cable, because there is no sensible 
current flowing oat of the cable except the negligible mag- 


netizing current of the transformers. 
TABLE IV. 


Mean potential differ- Calculated capacity 


ence of condenser 
, : |for the whole length 
surfaces of the cable in microfarads. 


Condenser current, /, 
in ampéres. 


in volts. 
il ; 9,885 2.8 
11 9,985 2.8 
10 7,295 3.4 
5 5,200 2.4 
9 5,500 41 
9 5.900 3.8 
10 7,920 3.1 
12 9,395 3.2 


The variation in the values of the capacity shows that 
the m1reasurements of the condenser currents are probably 
affected by considerable errors; and this is likely, seeing 
that the ammeterson the end of the trunk main would 
not read with suificient accuracy to detect a difference of 
one or two ampéres at these low readings. Hence all we 
can say is that the mean capacity of the cable, as deduced 
from the observations at no load—viz., 3.3 microfarads— 
is not extravagantly different from that obtained by ob. 
servations at full load. 

If we take one of the observations at half load—say No. 
10 in Table I.—we arrive at the same result; for the ingo- 
ing and outgoing currents in the trunk main are then 22 
and 17 ampéres, and the difference of their squares is 14, 
which is probably nearly the condenser current in this 
case; and the mean potential difference of the surfaces of 
the cable is 10,560 volts; and hence, as before, the capacity 
comes out 3.3 microfarads for the whole length. Hence 
all the observations agree in giving a capacity of from 3.3 
to 3.6 microfarads for the total cable in use. It may well 
be questioned whether for this paraffined paper dielectric 
the capacity as determined by a prolonged charge and dis- 
charge gives a value which is correctly expressive of the 
true working capacity of the cable under rapid alternations 
of charge. It must be remembered that paraffined paper 
presents usually a considerable absorption effect, and the 
value of 4 microfarads for the 11.5 mules, obtained by the 
usual ballistic galvanometer methced, may be, and perhaps 
is, a value which is higher than that which correctly ex- 
presses the true working capacity of the cable under rap- 
idly reversed electric stresses. It is important to have this 
point investigated for the dielectrics in use in the manufac- 
ture of types of concentric cables now employed. 

20. Passing to the examination of other points indi- 
sated by the observations in Table I. we see that the mean 
potential difference of the two conductors of the cable is 
always greater than four times the dynamo terminal 
pressure as given incolumn IV. That is to say, these fig- 
ures show that the pressure in the trunk main at the dyna- 
mo end is always greater than would be the pressure at the 
terminals of the step-up transformers if the trunk mains 
were disconnected. This may be said to be the fundamen- 
tal phenomena which have been much dis-described and 
misunderstood. The values of the pressures as read at the 
dynamo terminals and at the two ends of the trunk mains 
sbow that whenever the system is loaded and there is a 
fairly heavy load there is a fall of pressure down 
the cable, as there should be; although the actual 
figures seem to show that this fall of pressure is 
not quite equal in value to the product of the 
valnes of the true resistance of the cable and the 
current flowing through it. Those cases in which the fig- 
ures in Table I. seem to show a rise of pressure along the 
main cannot be accepted as representing the actual facts. 
When the cable is relieved of all working current, and only 
traversed by a condenser current, the figures show that 
the cable is either all at one pressure all along or else that 
there may be a slight rise from the step-up end to the step- 
down end of the cable. I think, however, that there is no good 
evidence of this rise of pressure from end to end of the 
cable when not loaded with external load. The chief fact 
is that, whereas the step-up transformers would, if exist- 
ing alone, raise the dynamo pressure fourfold, we find that 
when the cable is heavily loaded the mean potential differ- 
ence of the conductors exceeds four times the dynamo ter- 
minal pressure by something like 5 per cent.; and when 
the external load is removed that excess pressure more 
nearly amounts to about 10 or 15 per cent. 

The general fact is quite in accordance with the fore- 
going theory. When the step up transformers are heavily 
loaded the inductance of their secondary circuits is prac. 
tically annulled or very much reduced ; when they are 

lightly loaled itis at oace increased. We have seen, in 


the primary side of the step-up transformers, and this was discussing tae clock diagram of electromotive forces as ap- 


VoL. XVII. No, 25. 


plied to this condenser problem, that the increase in press- 
ure which takes place is always an evidence of the pres- 
ence of inductance in the charging circuit, and that this 
rise of pressure will augment with increase of inductance 
in the line or in the step-up transformer. We are unable 
to test how far the general rise of pressure is in accordance 
with the foregoing theory, because we have no means of 
measuring the true mean inductance of the secondary, or 
high-pressure, side of the step-up transformers. The 
presence of capacity in the line always keeps down the in- 
ductance of the transformer, because it compels a rather 
large current to flow into it from the dynamo, even when 
the work current flowing out of the cable is zero, or nothing 
more than the magnetizing current of the step-down trans- 
formers. 
—_——— o-oo ea” 
A Thermo-Electric Method of Studying Cylinder Con- 
densation in Steam Engine Cylinders.* 


BY PROF® EDWIN H. HALL. 


The subject of cylinder condersation is one that possibly 
would come more aptly before the mechanical engineers 
than before the electrical engineers, and yet most electrical 
engineers are to a greater or less extent mechanical engi- 
neers, and the time seems not yet to be near when we can 
dispense with the steam engine in the practical applications 
of electricity. The methods for turning the energy of coal 
directly into electric currents I believe have not yet been 
put into application. The subject of cylinder condensation 
is one that has always been prominent in the study of the 
steam engine. Before the time of James Watt, as you are 
all aware, at every stroke the cylinder was filled with 
steam, and then it was cooled down by pouring 
water on the outside or by admitting water into 
the inside, so that whenever the steam was admitted it 
found the cylinder cool. A large part of the steam ad- 
mitted at every stroke was turned into water at once on 
admission, and some of it was doubtless turned back into 
steam during the stroke. but much of it went out as water 
in the end. Watt introduced the independent condenser, 
by means of which the steam is removed from the cylinder 
without cooling the Jatter down as it was cooled before; 
and yet it is still believed that a very considerable 
part of all the steam that enters the cyliader is condensed 
upon the inner surface of the cylinder; that some of 
this is re-evaporated during the stroke, but that a very 
considerable part remains as liquid at the end of the 
forward stroke, and is only turned back into steam during 
the back stroke, when it is a disadvantage rather than an 
advantage, for it has to be expelled by the returning 
piston. It is considered that in some engines as much as 
25 per cent. of all the steam that enters the cylinder goes 
through the cylinder as water—that is, during the for- 
ward part of the stroke. Writers upon steam engineering 
have devoted a good deal of attention to the discussion of 
the cause of cylinder condensation, with perhaps less sug- 
gestions for remedy. The cause of cylinder condensation 
is this, that when the cylinder isthrown into communica- 
tion with the condenser, rapid evaporation takes place of 
the water remaining on the wall, and that rapid evapora- 
tion under the diminished pressure cools greatly the cyl- 
inder wall. A little more than two years ago (Jan. 17, 
1889), Mr. Dickerson gave an address before the Electric 
Club of New York, I think, in which he advanced the 
proposition that the peculiar character of the indicator 
card of a steam engine which was supposed to show cyl- 
inder condensation and re-evaporation was due to leakage 
by the valves—leakage in by the valves at one 
part of the stroke, leakage out by the valves at an- 
other part of the stroke. He made the statement that 
the steamers in the waters about New York City would 
travel four or five miles an hour with the valve between 
the boiler and the cylinder closed. I do not know how ac- 
curate that statement was. I have never seen any state- 
ment in contradiction of it. Mr. Dickerson’s pauper excited 
my interest—perhaps more than it would have excited my 
interest if I had been a trained steam engineer. I 
knew that this was a matter in controversy between steam 
engineers; that they were by no means at one as to the 
amount of cylinder condensation, and by no means in 
agreement as to what caused the cylinder condensation, 
some believing that the steam coming in here at 
A (Fig. 1) was cooled by contact with a layer 
of water remaining over from the _ previous stroke 
--the layer of water upon the inside of the 
cylinder. They thought that you could hardly account by 
the action of the iron alone for the very sudden condensa- 
tion of the large amount of steam that is condensed. Mr. 
Dickerson’s paper, then, stimulated me to undertake an in 
vestigation of this matter ina direction in which it had 
not been approached before, so far as I know. Steam en- 
gineers have invariably, so far as I know, examined this 
question by study of the indicator card, examining the 
pressure at different parts of the stroke, the pressure and 
volume, and finding out how much steam they indicate. 
Knowing the pressure at this part of the stroke C (Fig. 2), 
and the volume occupied by the steam, we can tell what 
weight of steam there is in the cylinder as steam. It is 
found frequently that there is more steam in the 
cylinder at the end of the stroke than at the beginning of 
the expansion. Accordinz to Mr. Dickerson, that was due 
to the leakage by the valves by which steam was admitted, 








*A paperread before the American Institute of Electrical Ep- 
gineers, May 20, 1891. 
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when the pressure in the cylinder fell low. It seemed to 
me that we might test the question how much heat enters 
the cylinder walls by a thermo-electric method. Lec this 
(i. e., Fig. 1, making a sketch) represent the thickness of 
the cylinder wall. Now this, C, isa hole which in the 
engine which I have used is bored for attaching the indi- 
cator. It is a hole about three-quarters of an inch in diam- 
eter. The thickness of the wall is about three-quarters of 
an inch—a little more than that. I screwed into that hole 
a plug (Fig. 3) having at this end, i, a slice of iron—I had 
steel at first—of known thickness. Here is a hvole 
going through the plug to that slice. Here is another. 
Into that hole I put a bar of antimeny, A; into this hole a 
bar of bismuth, B. The two were insulated from the plug. 
It is known to allof you that bismuth and antimony make 
an excellent thermo-electric pair—the best that is in practi- 


A 
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cal use. If I connect the antimony with the copper wire 
g, the bismuth with the copper wire c, and lead these 
wires to a galvanometer, I shall get a current through that 
galvanometer whenever the two junctions here, a and b, 
are at a different temperature from the section where 
the antimony and the bismuth strike this slice of 
iron. If I put the ends of these rods of bismuth 
and antimony into a pot of paraffine and heat that 
parattine, when I get the temperature of these twa 
junctions a and b, where the copper joins the bismuth und 
antimony, the same as the temperature where the en- 
timony and bismuth strike the iron the current will cease. 
If the temperature here is below the temperature there, | 
get the current in one direction. If the temperature here 
is higher than the temperature there, I get a cur- 
rent in the opposite direction. That was the beginning of 
the method. But it presently occurred to me that it would 
not do to use bismuth and antimony, for the reason that 
the heat conductivity of those substances is too different 
from that of iron. My purpose was to find what the tem- 
perature was at a certain thickness in the cylinder wall at 
a certain part of the stroke. (I close this circuit ge ata 
particular part of the stroke by means of a cam upon the 
crank. I can close the circuit at any part of the stroke tor 
a short time. ) 

{t being my purpose, I say, to find what the temperature 
is at a particular depth in the iron, { wished to have that 
temperature as exactly as possible what it would be if this 
iron were in a normal condition—that is, if this were in a 
solid cylinder instead of being in a prepared plug. To get 
that I found it necessary to have for these bars 4 and B 
Fig. 3 a heat conductivity which was more nearly like 
that of iron than the heat conductivity of antimony and 
bismuth is. So I cast about for some metal which would 
with iron itself make a good thermo-electric couple, and 
of which the heat conductivity would be very like that of 
iron. Nickel suggested itself. Nickel and iron makea 
very good thermo-electric pair. Idetermined to make my 
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plug in this way. Here (Fig. 4) is a plug with a hole bored 
completely through it. Here is a slice of castiron, §, 
ground to a particular thickness, which is screwed on at 
the end of the plug, making a steam-tight joint—at least I 
meant it to be steam tight.+ 

Into this hole I put a core of uickel insulated from the 
iron, except here, where it strikes the slice. The nickel is 
soldered to the iron in this way: The slice is tinned very 
thinly; the end of the nickel core is also tinned. The two 
are heated very hot, and then in a vise they are held to- 
gether until they are cooled, so that the thickness of the 
solder there is not more than a thousandth of an inch. The 
soldering was done with the slice and the nickel core in 
place, the slice being screwed to the plug and the core 
being surrounded with a single layer of paper to keep it 
free from the iron, except at the bottom of the hole. Slice 

* In my latest experiments the fly-wheel has made about 60 revo- 
lutions per minute, and contact has lasted about ,) part of a revoln- 
lion. The cam pushes two pieces of brass together without touch- 
ing either of them directly. Springs hold the two slips of brass 
apart when the camis not acting, 

t In some of the experiments this joint was not perfectly tight, 
for water was sometimes seen Lo come out by the core N before the 
plug became h»t. Generally upon sach occasions the leaking - 
veared to cease when the plug became hot. ‘lhe fact probubly is 
that the joint continued to leak slizhtly, but leaked dry steam, the 
temperature at the outer end of the plug being about i09 degrees C. 
and at the inner end considerably higher. Both experiment and 


reason indicate that the effect of such leakage upon the tempera- 
ture found was slight. 
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and core were removed from the plug after soldering, and 
the solder which had. been squeezed out from the joint by 
the action of the vise was carefully turned off in a lathe. 
The distance from the outer end of the core to the farther 
surface of the slice was measured carefully before solder- 
ing and after soldering. In no case did these measure- 
ments show the thickness of the solder to be as much as .02 
millimetre. 

I know very definitely, then, the depth at which the 
contact takes place. Now, as to the heat conductivity of 
nickel, [can find no data in the books. I believe no in- 
formation in regard to it turned up in my studies. But I 
know from the relation of its electric conductivity to that 
of iron that the heat conductivity ought to be nearly like 
that of iron, for usually heat conductivity and electric 
conductivity go hand iv hand. I had to have a bar 
of nickel made to make the determination. I had 
a bar of nickel made about a yard Jong and about 
one square inch in cross section, and { had considerable 
trouble to getit. Idetermined the heat conductivity of 
that by comparison with a similar bar of castiron. I 
found that the best conductivity of nickel is 1ather less 
than that of cast iron, perhaps 15 or 20 per cent. Jess,* but 
still nearer the heat conductivity cf cast iron than any 
other metal that I could get that would make with iron a 
good thermo-electric junction. The specific heat of nickel 
is near that of iron, which again is as important, perhaps, 
as the matter of the thermal conductivity. Now, from the 
nickel core I lead a nickel wire. both being made from 
the same bar of which I had determined the conductivity 
from the iron and iron wire. This and the one of nickel 
were slender bars about 15 cm. long rather than wires 


proper. These are not drawn toscale These junctions 7 
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and n (Fig. 4) are putin a pot of paraftine, and I go through 
the processes which I have indicated already. 

I had three plugs like this made. With one the slice of 
iron was half a millimetre thick (0.051 centimetre), with 
the other a millimetre thick (0.101 centimetre), with the 
other two millimetres thick (0.203 centimetre). Let this, 
Fig. 2, be the indicator card from the engine with which 
we are making this test. [used first the plug with the 
thinnest slice, and I found the temperature at this depth of 
iron, half a millimetre, at that part of the stroke k (Fig. 2) 
just before steam is admitted. Idid the same with the 
millimetre slice and with the two-millimetre slice. Let this 
line D Fig. 5) represent 4 millimetres of the thickness of the 
cylinder wall, points at depths of half a millimetre, one 
millimetre and two millimetres being marked upon it. Now 
[ plot acurve. (Let me say that a part of this is prophetic: 
this curve I haven’t been able to plot pertectly.) Snppose 
that distances out here to the left from the line D represent 
excesses above 109 dezgrees—109 degrees centigrade being the 
temperature of the outer surface of thecylinder wall, With 
the half millimetre slice at this part of the stroke k (Fig. 
2) I find an excess above 100 degrees of 8 or 9 which I will 
represent by the distance «. With the millimetre slice I find 
the temperature to be greater at this part of the stroke, and 
I will represent the excess above 109 degrees by the distance 
b. With the two-millimetre slice the temperature was not 
very different from what it was with the one-millimetre. 
Through the tops of the lines a,b and cI draw a curve, 
(What I wish to do some time is to be able to plot a curve 
like that giving the temperature all the way down here 
inside the wall of the cylinder at this particular part of 
the stroke.) 

I make similar determinations for that part of the stroke, 
c (Fig. 2). 1 find the temperature at half a millimetre 
depth has risen to 131 degrees more or less. The tempera- 
ture at a depth of a millimetre is a little higher. This 
point, half a millimetre deep, has already begun to cool. 
The fact is, that in my engine the cut-off is like that (Fig. 
2), pretty gradual, so that re-evaporation very likely begins 
before cut-off is complete. I suspect, however, that 181 


* The nickel used wa; of fair commercial quality. Lam not yet 
prepared to publish details of the measurement of its conductivity. 
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dezrees is too low for the temperature at a depth of half a 
millimetre, At the depth of two millimetres the tempera- 
ture is not as high as it is at a depth of one millimetre. At 
the depth of two millimetres in the iron tere is, however, 
a jump of some four or five degrees centigrade. 

One of these curves (Fig. 5) represents the condition of 
this part of the stroke k. The other curve represents the 
condition of things at that part of the stroke c. The curves 
are by no means accurate, and they are very incomplete + 
but supposing them made perfeci, | have merely to put on 
here a planimeter to measure the area between those two 
curves, and it is then easy to determine how much the heat 
in the cylinder at this part, c. of the stroke exceeds the 
heat in the cylinder at that part, k, of the stroke, and this 
excess of heat is the heat whicn has been given up by the 
steam to the cylinder wall, which has been done during the 
admission. Allowance should be made. of course, for the 
loss through the wall meanwhile. Then 1 compare that 
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with the indicator card and see whether the two are in 
agreement. 

l have made some tests for points at other parts of the 
stroke. I found, as I have already stated, that at a half 
millimetre depth the temperature at cut-off has already 
passed the maximum, that it falls rapidly down here 
during expansion, and at this part of the stroke near re- 
lease itis only a few degrees higher than at the end of 
the exhaust. But the parts deeper in the cylinder are of 
course slower to cool. In fact, the heat rushes into the 
wall here during admission; then, as soon as the pressure 
is relieved, the water begins to evaporate from the inner 
wall here and the heat ebbs back, and is spent, some part 
of it. in forming steam during the expansion, but not 
all of it; a considerable part remairs at the end of 
the stroke, to be spent in evaporating water which is still 
clinging to the wall of the cylinder. As I have said, this 
research is by no means complete, but it has gone far 
enough to indicate that a very large quantity of heat goes 
into the cylinder wall.. A very rough calculation from my 
experiments indicates that in the engine | am using (Ken- 
dall & Roberts’ 10-inch cylinder, with 15-inch stroke) this 
maximum pressure I get here, Fig. 2, is about 33 pounds 
(above atmospheric), and I use an expansion of about 4—not 
quite that (about 3})—and about 60 strokes to the minute) 
according to the best estimate I can make, probably two- 
thirds us much steam is condensed upon the cylinder 
wall as remains active at the beginning of expansion. 
I should say that two-fifths (this is very, likely an over- 
estimate, perhaps one-third would be safer) probably of 
all the steam that enters that cylinder is condensed upon 
the cylinder wall upon the first quarter of the stroke. 
How much of that is re-eva,orated during the stroke and 
so helps, more or less, I do not yetknow. According to the 
indicator cards taken during the experiments with the 
plugs, the weight of steam in the cylinder at the end of 
expansion is about 1.25 times as great as just after cut-off. 
How much heat is absorbed by the layer of water which 
remains over from the previous stroke [cannottell. I think 
there is some evidence that a layer of water does remain 
over from the previous stroke. This examination shows, 
however, that the iron is exceedingly effective in cylinder 
condensation, and it suggests the question whether it is not 
possible to coat the inner wall of the engine with some- 
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thing which would prevent, to a considerable extent, this 
condensation. It is not easy to find something with which 
one can coat the rubbing surfaces of the cylinder, I sup- 
pose, but there is the end of the cylinder and there is the 
face of the piston, and those two surfaces make, in the case 
of a short cut-off, perhaps more than half tue area which 
is effective in this cylinder condensation. It doesn’t seem 
to me at all impossible that some comparatively non- 


conc ucting material can be found with which those 
surfaces can be coated so as very materially 
to decrease the cylinder condensation. Experiments 


for that purpose could easily be made with plugs of this 
kind. Instead of having to coat the whole cylinder, one 
might lay on this plug some non-conducting material, and 
see how much difference that would make in the amount 
of heat absorbed. I haven’t attempted anything of the 
kind, but it doesn’t seem fanciful to imagine that some- 
thing valuable might come out of it, and a very large sav- 
ing ia the steam used in steam engines might perhaps be 
made in this way. 

The research of which I have here given an account has 
been carried on with money from the Rumford fund of the 
American Academy of Arts and Sciences. 

For indispensable assistance in the investigation I am in- 
debted to Messrs. Barron, Curtis, Hale, Kendrick and 
Page, members of a class at Harvard College engaged ina 
study of the steam engine. 
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The New Westinghouse Compound Engine Governor. 


After two years of invention and experiment, the West- 
inghouse Machine Company, of Pittsburgh, Pa., has de- 
signed a governor for use with its high-duty ccmpound 
engine, whose efficiency, it is claimed, has never been 
equaled. With its accustomed disregard of established 
practice, this company has had the same marked success 
with its governor as with its engine. 

Sectional views of the governor, as in Fig. 1, show at 
once its simplicity, and an absence of all the usual attach- 
ments of dash-pot, balanced eccentric, interlocking devices, 
etc, 

It will be interesting to note the details of its construc- 
tion. A heavy unbalanced eccentric and strap places. the 
centre of gravity of the combination very near the centre 
of the shaft without sacrificing its strength. Short, heavy 








FIG. 2.-WESTINGHOUSE ENCINE CARD. 


springs with low initial tension are available in this form, 
and the governor is so compact that it is placed in a heavy 
closed case, which is completely filled with oil to insure 
certain and copious lubrication. 

While the governor, as a whole, is very heavy and per- 
fectly free to move, even through its whole range if neces- 
sary, its strength is a variable quantity, and its leverage 
increases so as to meet and resist the greater strains of 
longer cut-offs. The chief excellence of the governor, 
however, is iis ability to utilize its mertia for the neces- 
sarily rapid adjustment to meet instantaneous changes 
of load. The mere tendency of the engine to change its 
speed to the degree demanded by the regulation on ac- 
count of change of load, throws the governor to the new 
position to suit such new load, and the force that changes 
the adjustment of the governor is inertia. 

A test, so severe that it would be but seldom met with 
in practice, was made on an 18-inch and 30 x 16-inch 
Westinghouse engine with this form of governor at the 
station of the Federal Street and Pleasant Valley Electric 
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Electric Light for Transporting Plants. 


By the aid of the electric light the Botanical Mission 
dispatched some months since by the authorities of Kew 
to the West Indies were extricated from an embarrassing 
dilemma. They had with them a number of Wardian 
cases containing vine cuttings and Gambier plants, which 
it was deemed very desirable to introduce into the isJands ; 
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but, unfortunately, cold weather set in, and the efforts to 
convey these tender plants, which had so often ended in 
failure, threatened once more to result in disappointment. 
The difficulty was that if kept on deck they would be 
inevitably destroyed by the low temperature; while if 
taken below the absence of light, which is so necessary 
to the existence of the delicate Gambier plants, was almost 
certain to be equally fatal. Under these circumstances it 
occurred to Mr. Morris to avail bimself of the electric 
light, of which there was an abundance aboard the 
Atrato, The experiment proved in every way success- 
ful. Mr. Morris expresses the opinion that the use of the 
electric light for the safe passage of valuable plants during 
the winter months is capable of being greatly extended. 


a 
An Electric Freight Car. 





The accompanying cut serves not only to illustrate the 
apparatus, but in addition proves that almost every day 
sees the production of some new type of electrical ma- 
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THOMSON-HOUSTON ELECTRIC FREIGHT TRAMWAY SYSTEM. 


Railway Company in Allegheny City, Pa., and fac-similes 
of the indicator cards are given as evidence of the rapidity 
of the governor's action. 

Four circuits are driven by this engine, and in the card 
shown in Fig. 2 one of these was broken while a countin- 
uous card was taken from the high-pressure cylinder. 

The card shown in Fig. 3 was similarly taken while three 
of the four circuits were broken at the same time, and 
shows an average change of 87 h.p. per second. It also 
shows that the governor was perfectly stable in its new 
position. At this rate, the governor would travel over its 
entire range, corresponding to a change of its listed capa- 
city of 250 h. p., in less than three seconds, which is about 
the time necessary to increase the speed of the engine the 
amount demanded by the regulation, and with a lighter 
fly-wheel this change would be made in proportionately less 


time. 


chinery adapted to mill work. The handling of both raw 
material and finished products of a mill is now rendered 
an easy matter by the use of the electric current. There 
are but few of the large mills that have not sufficie.t sur- 
plus power to operat» an electric generator, the current 
from which, by the aid of electric motors, can be made to 
do certain classes of work much more satisfactorily and 
economically than can be accomplished in any other way. 

The apparatus illustrated is one of the largest freight 
1 comotives which has been constructed to operate by 
means of electricity. It was built by the Thomson Hous- 
ton Motor Company, of Boston, and is now in use at the 
cotton mills of the Lonsdale Company at Lonsdale, R. I. 
As can be seen from the illustration, the locomotive con- 
sists of a platform car and truck equipped with a 30h. p. 
Thomsor-Houston motor, It is provided with a trolley 
stand and trolley at one end, and at each end with a con- 
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troller stand, by means of which the speed of the locomo- 
tive can be governed and its direction changed when 
necessary. The locomotive is capable of hauling a load of 
60,000 pounds at the rate of five miles an hour. In addi- 
tion to its use for haulage purposes, the locomotive plat- 
form, which measures 8 X 18 feet, may be loaded with 
material which it is desired to transport from place to 
place. 

The total length of track over which the locomotive is 
used is 2,700 feet, on which the single overhead trolley 
system has been used, the wire being svspended over the 
center of the track by means of brackets fastened to the 
buildings where possible and to poles. The conductor 
varies in height from the ground between 16 and 18 feet. 
The necessary electric current for the operation of this 
tramway is obtained from a 500-volt Thomson-Houston dy- 
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namo of 30,000 watts capacity, which is driven from one 
of the water wheels which furnish power for the mill ma- 
chinery. 
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A Magnetic Cut-Nut for Railways. 


There is quite a demand for a reliable safety device 
which will open the circuit on street railway lines when 
the current exceeds a certain amount. <A simple fuse is 
not tobe relied on in all cases, but by combining a mag- 
net and a fuse we get a cut-out which will give a more 
positive protection to the circuit. 

This is done in the magnetic cut-out designed by Mr. 
W. E. Harrington, and built by George Cutter, of Chicago. 
As the cut shows, a properly proportioned magnet is placed 
in shunt with a fuse which can carry but a small part of 





STREET RAILWAY CUT-OUT. 


the maximum safe current. The resistance of the magnet 
being low, the fuse is practically shunted out until the cur- 
rent through the magnet becomes too great. Then the 
armature is drawn up, and the whole current is sent 
through the small fuse, which is sure to blow. A spring 
catch holds the armature until the fuse is replaced, which 
can be quickly done without the use of any tools. 

The magnet is protected from the molten metal by a 
thick sheet of asbestos, and all parts are made of ample 
size. The whole apparatus is weli built and has been tried 
with much success. 

It is a mutter of considerable importance to electric 
railway managers that the lines should be carefully 
equipped with apparatus which will fully protect them 
from the possibility of carrying for any length of tirae an 
amount of current that may prove dangerous to the arma- 
tures of the machines, 
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The Swinging Ball Lightning Arrester. 





Some time ago it was discovered that the well-known ex- 
pansive effect of a disruptive discharge or arc mentioned 
by Francis in the description of his electric popgun was 
applicable to the eliminating of the bad effects of lightning 
discharges through the circuits of electric light and power 
plants. One of the neat lightning arresters utilizing the 
above-mentioned effect is the ‘‘swinging ball” arrester 
manufactured by Messrs. Truex & Vail, of New York 
City. It 1s an ingenious piece of apparatus. A static 
charge from the line passes to earth through the pendulum 
arm, across the space between the ball, or ‘‘ bob,” and the 
ground plate below it and in close proximity thereto. Ifa 
tendency occurs for the flow across this space of the dyna- 
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SWINGING BALL LIGHTNING ARRESTER. 


mv current a heavy arc is formed between the pendulum 
ball and the plate helow, and the sudden expansion of the 
air causes the pendulum to swing aside. thus breaking the 
arc. The arm then swings hack into positicn, and the ar- 
rester is ready for work again. It is claimed that this ap- 
paratus suffers very little from deterioration. 
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The Lahmeyer Cursent Transforme’. 


To convert high-tension continuous current into low- 
tension one method is to drive by means of a high-tension 
motor a low-tension compound dynamo. Such combina- 
tions are built by Deprez, Schuckert and others, and are 
termed by them motor dynamos. A simpler method for 
transforming currents consists in having only one arma- 
ture, wound, however, both for the high-tension supply 
and the low-tension resultant current. This form of cur- 
r-nt transfor mer with but one magnet field is a construc- 





en 


Hi Sie 
i 
Me 





aah 











FICS. 2 AND 3,-LAHMEYER CONSTANT 


tion of high practical value; the cost is smaller, the effi- 
ciency higher and the result in regard to sparkling more 
satisfactory than in the motor dynamo. Its only draw- 
back is that it has not perfect regulation, or that amount 
of compounding which, given a constant primary electro- 
motive force, supplies a secondary electromotive force 
irrespective of the load. The primary and secondary 
windings of the magnet require to be arranged to give 
opposite polarities; the transformer cannot therefore be 
regulated by simply altering the magnetisin. 

Referring to the illustrations on this page, for which, 
with this description, we are indebted to Engineering, Fig. 
1 shows the external appearance of the Lahmeyer current 
transformer, while Figs. 2 and 3 show the details of construc- 
tion. This apparatus is now being exhibited at Frankfort. 
From the branches 1.,II., the high-tension current flows 
to the armature coil, wound upon the main armature A,, 
while the secondary coil, besides surrounding the armature 
A. also passes round the armature 4,. Acting upon this 
latter is a field magnet 11I,, 1V., upon which circulates the 

secondary main current. The current in this coil is pro- 
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portionate to the difference of current of the armature A!’ ; 
the additional electromotive force of the armature A, is 
also proportional to it. Without adding any special 
commutator or any parts liable to wear or requiring 
special attention, the compounding of this transformer 
is thus accomplished. The compound magnetic field 


is separated from the main field by an_ insulation 
of brass, M, N. The armature A, and the field 
magnet belonging to it are thus separated from 


the main magnet. The dimensions of these latter have to 
be increased so as to obtain the necessary tension without 
A and its magnet frame. For tensions up to 600 volts and 
small sizes Mr. Lahmeyer constructs his transformer with 
drum armatures, placing, asshown in Fig. 3, the two arma- 
ture coils, with an insulated division, above one another. 
In the case of larger patterns Mr. Lahmeyer uses the 
Gramme ring form for both armatures ; the coils are in 
this ease side by side, each bobbin in a separate groove. 
The grooves are covered with a thick Jayer of fiber insula- 
tion, and each bobbin is singly accessible and exchange- 
able. 

It will be remembered that in motor dynamos with two 
armatures on the same shaft the insulation of the two 
coils from each other is only formed by the covering around 
the armature cores: since it is not mechanically convenient 
to introduce a non-metallic part it will be admitted that 
even in respect of accessibility and mechanical security 
nothing has been sacrificed. 

Compared to the motor dynamos a transformer of this 
construction has the advantage of reduced size and cost. 
According to Mr. Lahmeyer’s statements, the efficiency of 
these transformers is the same as that of dynamos of the 
same size, and with equal excitation the transformer 
works witha higher degree of magnetic saturation, because 
the reactions of the armature coils balance each other; it is, 
moreover, well known that this latter condition obviates 
sparking. The efficiency of large transformers may, there- 
fore, be taken as 92 per cent., a saving of 8 per cent. over 
motor dynamos, which is of considerable importance, par- 
ticularly in long lines. The attendance required is less for 
the transformer than the motur dynamo, owing to ab- 
sence of any appreciable influence of heating of the 
wires upon the tension of the current. This transformer 
offers, hence, the simplest means of distributing continuous 
currents over large districts. Where accumulators are used 
Mr. Lahmeyer constructs the regulator frame of the larger 
dimensions, and provides, besides the direct, an auxiliary 
terminal winding or coil. When charging the accumula- 
tors both coils are switched in, thus causing additional 
electromotive force: for working in parallel circuit only 
the one is used. A change of polarity in the 
transformer cannot take place. 


This trausformer can be directly con- 
nected over long distances with a source 
of high tension without requiring apy other 
means for regulating the tension, which 
CURRENT TRANSFORMER. FIC. 1- 


materially simplifies the arrangement of a large current 
distribution, thus obtaining all that can be expected for 
continuous currents. 
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Memorandum on the Preparation of the Clark 
Standard Cell. 





The following memorandum has been drawn up for the 
consideration of the Electiical Standards Committee of the 
Board of Trade in London : . 

DEFINITION OF THE CELL, 

The cell consists of zinc and mercury in a saturated solu- 
tion of zinc sulphate and mercurous sulphate in water, 
prepared with mercurous sulphate in excess, and is conven- 
iently contained ina cylindrical glass vessel. 

PREPARATION OF THE MATERIALS. 

1. The Mercury.—To secure purity it should be first 
treated with acid in the usual manner, and subsequently 
distilled in vacuo. 

2. The Zine.—Take a portion of a rod of pure zinc, 

solder to one end a piece of copper wire, clean the whole 
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with glass paper, carefully removing any loose pieces of 
the zinc. Just before making up the cell dip the zinc into 
dilute sulphuric acid, wash with distilled water and dry 
with a clean cloth or filter paper. 

3. The Zine Sulphate Solution.—Prepare a saturated 
solution of pure (‘‘pure recrystallized”) zinc sulphate by 
mixing in a flask distilled water with about twice its 
weight of crystals of pure zinc sulphate, and adding a lit- 
tle zinc carbonate to neutralize any free acid. The whole 
of the crystals should be dissolved with the aid of gentle 
heat, and the solution filtered, while still warm, into 
a stock bottle. Crystals will form as it cools, and when 
the solution is to be used a little should be taken from the 
bottom of the bottle near the crystals with a pipette, 
While this is being done the liquid should be at a decidedly 
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g, marine glue; c,cork; z, zinc; p, platinum wire; s, paste; m, 
mercury. 


higher temperature than that at which 
ordinarily be used. 

4. The Mercurous Sulphate.—Take mercurous sulphate, 
purchased as pure, and wash it with distilled water. Drain 
off as much of the water Mix the washed 
mercurous sulphate in a mortar with the zinc sulphate solu- 
tion, adding sufficient crystals of zinc sulphate from the 
stock bottle to insure saturation, and a small quantity of 
pure mercury. Mix these well together to form a paste of 
the consistence of cream, and then heat the paste suffi- 
ciently to dissolve the crystals, afterward allowing the 
mixture to cool, and thus to form a saturated solution of 
mercurous sulphate in a saturated solution of zinc sul- 
phate.* The presence of the free mercury throughout the 


the cells will 


as possible. 
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paste preserves the basicity of the salt, and is of the utmost 
importance. 

Contact is made with the mercury by means of a plat- 
inum wire about No. 22 gauge. This is protected from con- 
tact with the other materials of the cell by being sealed 
into a glass tube. The ends of the wire project from the 
ends of the tube ; to one end a piece of copper wire is sol_ 
dered; the other end and a portion of the glass tube dip 
into the mercury. 

TO SET UP THE CELL, 

The cell may conveniently be set up in a small test tube 
of about 2 centimetres diameter and 6 or 7 centimetres 
deep. Place the mercury in the bottom of this tube, fill- 
ing it toa depth of, say, 1.5 centimetres. Cut a cork about 
.5 centimetres thick to fit the tube ; at one side of the cork 
bore a hole through which the zinc rod can pass tightly ; 
at the other side bore another hole for the glass tube 





“If the saturated solution of zinc sulphate is not heated the cells 
do not usually agree with each o'her until sometime after they 
have been set up. If the above method is followed the agreement 
is good at the time of setting up, and shouid be very close indeed 
after a day's rést.. Care, howpver, must be taken that the paste is 
not supersaturated when col 
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which covers the platinum wire ; at the edge of the cork cut 
a nick through which the air can pass when the cork is 
pushed into the tube. Pass the zinc rod about one centi- 


imetre through the cork. 
Clean the glass tube and platinum wire carefully, then 


heat the exposed end of the platinum red hot, and insert 
it in the mercury in the test tube, taking care that the 
whole of the exposed platinum is covered. 

Shake up the paste and introduce it without contact 
with the upper part of the walls of the test tube, filling 
the tube above the mercury toa depth of rather more 
than two centimetres. * 

Then insert the cork and zinc rod, passing the glass tube 
through the hole prepared for it. Push the cork gently 
down until its lower surface is nearly in contact with the 
liquid. The air will thus be nearly all expelled, and the 
cell will be ready for sealing. 

Melt some marine glue until it is fluid enough to pour by 
its own weight, and pour it into the test tube above the 
cork, using sufficient to cover completely the zinc and sol- 
dering. The glass tube should project above the top of the 
marine glue. 

The cell thus set up may be mounted in any desirable 
manner. It is convenient to arrange the mounting so that 
the cell may be immersed in a water bath up to the level 
of, say, the upper surface of the cork. Its temperature can 
then be determined more accurately than is possible when 
the cell is in air, 

The accompanying figure, w hich does not form part of 
the memorandum, has been prepared in accordance with 
the particulars given therein, and is reproduced from The 
Electrician, London. 
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It may be of some value to get a clear apprehension of 
what the problem was that Mr. Edison undertook to solve 
in connection with electric lighting. Was the problem 
which he set before himself the invention of a lamp, or 
was it a broader problem of a much more complex 
nature, calling for invention not in one direction, 
but, if you please, in a hundred? The bill of com- 
plaint tells us something in regard to this. Mr. Edison 
addressed himself to work at Menlo Park with a view to 
inventing *‘a complete system of electric lighting by incan- 
descence, which should be capable of competing with 
other forms of illumination and adaptable to general use.” 
The bill declares that the invention of such a system 
**necessitated the perfection of several distinct apparatus, 
such as machines for generating the electricity, conductors 
for conveying it to the translating devgces, instruments for 
regulating automatically and otherwise the pressure and 
quantity of the current, meters for measuring and record- 
ing its consumption, lamps for converting it into lights, 
sockets and holders for supporting the lamps, with many 
other devices and things necessary to be used in such a 
system, each machine, apparatus, part being perfected 
only after many experiments, and frequently embodying 
distinct and separate inventions.” 

The result of Mr. Edison's work—for he was early in the 
field, after the great impulse that came in the domain of 
applied electricity with the perfection of the dynamo 
machine, whereby a current could be economically gener- 
ated; I say he was early in the field, backed by a powerful 
syndicate furnishing him with all the money that was 
necessary for working his expensive laboratory—the result 
of his labors in the solution of this complex problem, to 
wit, the deve lopment of a system of electric lighting, is 
found in the large number of patents that have been issued 
to him from time to time. There was a circular issued by 
the Edison Company, for instance, in November, 1882, in 
which it was stated that Mr. Edison had at that date se- 
cured not less than 150 patents on his various inventions 
relating to thissystem on which he had been at “ork, and 
many others followed in subsequent years. We find early 
in the career of the Edison Company, in the year 1883, that 
they were attaching to the packages containing the lamps 
that they sent out to their customers labels which professed 
to indicate the various patents relating to lamps and to the 
manufacture of lamps under which the company was then 
licensed, being 121 patents in number at that date Mr. 
Edison's own account of what he undertook to Go 1s ea- 
pressed in the following language: 

“The problem, then, that I undertuok to solve, stated 
generally the production of a multifarious apparatus, 
methods and devices, each adapted for use with every 
vther, and all forming a comprehensive systems whereby 
electricity, properly controlled and directed, could be dis- 
tributed over large areas through the streets of a city, and 
supply to houses in which it would teed meandescent 
electric lamps of moderate candle power, which would be 
entirely under the control of the household, the whole to 
be on the same scale as the present system of gas distribu- 
uon and affording the same character ot convenience to the 
users.” 

1 trust that your Honor will not overlook the fact that 
there were otner inventors at work upon this general prob- 
lem contemporaneously with Mr. Edison, and who were as 
early in the tieid as he. The gentlemen associated with the 
United States Electric Lighting (ompany, the defendant 
in this suit, were early in the field. ‘The United States 
Electric Lighting Company had a ¢ommercial plant in 


* When the cell has been set up fora little time the more solid 
ortion of the paste sinks to the bottom, leaving clear liquid above. 





vacuum. But the question is, When did Mr. Edison invent 


THE ELECTRICAL WORLD. 


operation in the city of New ¥ork as early as November, 
1880, by which they were supplying not a very large num- 
ber of customers, for it was not a large plant, but yet it 
wasacentral station plant, and I believe was the first 
central station plant for incandescent electric lighting 
organized in this country. I think I am correct insaying 
that so far as this record shows no lamps were sold by the 
Edison company until after the organization of that central 
station plant by the defendant’s coéperation. And I think 
Iam right in saying that the record shows that no lamps 
were sold by the Edison company during the year 1880. 
There was one experimental plant put in operation by t e 
Edison company on the Sinai Columbia, which 
sailed around to California, and that I beheve was the first. 
electric lighting plant that was put out by the Edison com- 
pany; but it does not appear that that was anything more 
than an experimental plant, and put in without compersa- 
tion. 

Before examining the prior state of the art, in order to 
determine the real nature of the invention disclosed in this 
patent in suit, I desire to call the attention of the court to 
one expression found in the patent. The patent says (I 
read from the Patent Office copy) in the first column of the 
first page, line 44: ‘‘In general, the attempts of previous 
persons have been to reduce the resistance of the carbon 
rod.” This can mean but one thing, viz., that previous ex- 
perimenters (if you please to apply that term to those that 
went before—*t previous manufacturers of lamps” 
is the expression I prefer) undertook to reduce 
the specific resistance of the carbon which they 
employed as the burner of the lamp and not the total 
resistance. It seems to me important that that distinction 
shall be kept sharply in mind throughout the whole 
discussion. The difference between specific and total re- 
sistance is this: ‘‘If we take a given volume of mercury 
and an equal volume inthe same form of carbon, or of 
platinum—if we take, for instance, a cubic inch—we shall 
find that the electric current will go through the mercury 
much easier than it will through the platinum or the 
carbon. The platinum will occupy a stage immediately 
between the mercury andthe carbon. In other words, the 
mercury opposed less resistance to the flow of the cunient 
than either of the others; or, to put it in another way, its 
conductivity is gieater. That is what we mean by specific 
resistance. It is the relative resistances of different 
bodies. The specific resistance of carbon is greater than 
that of platinum. The specific resistance of platinum 
is greater than that of mercury. And this is simply 
because a given volume of carbon, as in a cubic inch, 
will conduct the current better than a cubic inch of plati- 
num— it will oppose more resistance to the current than a 
cubic inch of platinum, Now it was true in the prior state 
of the art that those men who use carbon for the pencils of 
an arc lamp, or for the continuous conductor or burner of 
an incandescent lamp, used a greater carbon which had 
comparatively low specific resistance. Carbons differ 
among themselves in that regard. You can take a carbo’ 
and treat itin such way that it will have a very high 
specific resistance; you can take it in such a way that it 
will have a comparatively low specific resistance, although 


all of the carbons have x high specific resistance as com- 


pared with platinum or mercury. 

High total resistance is a desirable thing. and has always 
been known as a desirable thing, for the burner of an in- 
candescent lamp, whether that lamp was to be used by 
itself, a single one on a circuit, or was to be used in series, 


or was to be used in multiple arc. There is no mystery 
about that. The whole principle underlying the incan- 
descent lamp is that you have a continuous circuit (in 


which respect it differs from the arc lamp) through which 


the current flows; and if you will make one part of that 
circuit of higher resistance than the other parts you will 
develop more heat at that point; and the higher you make 
that part of the structure relatively to the other parts the 
more heat you will develop and the more light you will get. 


When we come to apply this established rule. that high 


total resistance is desirable whether your lamp be used as 
one by itself, or there are a number in series, or a number 
in multiple arc, we find certain limitations imposed upon 
us and in this way: [ have here a little diagram which 
shows the dynamo machine and a circuit with four lamps 
arranged in series. Suppose that each one of those lamps 
has a resistance of 190 ohms. It will take a current of a 
certain electromotive force to overcome the resistance of one 
of them if it were there by itself. If we put another lamp 
in the same circuit we have got to increase our electro- 
motive force. And so on as we advance—until very soon 
we shall get up to that point when we cannot add any more 
lamps because it would necessitate a current of such high 
electromotive force that it would be a dangerous 
current to handle. If we were going to put a very 
few lanips in a Circuit, arranging them in series, we would 
make the resistance of each one of them much higher than 
if we were to put a large number in series. If, for in- 
stance, we would employ safely (and we can) a current of 


1,000 volts, then we could put 100 lamps in series having 


each a resistance of but 10 ohms; but if we weie to catry 
the resistance of our lamps up to 100 ohms, then we could 
put in but LO of those lamps. It is a desirable thing; it will 


be economical to employ the high resistance lamps even in 


series; and we should therefore, in conformity with the 
well-known laws of electrical distribution—known lung 


before Mr. Edison ever undertook the solution of this 


problem—we should, if we had been working in that direc- 
tion, have carried the resistance up just as high as was 


practicable consistently with the cundition by which we 


are bound, 


Lcome now to consider what there is m the prior state 


of the art for the purpose of determming the position 


which Mr, Edison occupies, so far as concerns the inven- 


tions covered by the patents in suit. 


It is on.y thus of course that we can determine what the 
real invention is to which the claim of the patent relates. 
Of course it is desirable to ascertain what Mr. Edison’s 
date of invention was. Ido not know that your Honor 
will have any difficulty in drawing from the remarks of 
the counsel who opened for plaintiff the inference that Mr, 
Edison made the invention to which the patent in suit re- 
lates on the 21st of October, 1879. His own testimony seems 
to be very explicit on that point, for I assume that his in- 
vention is not broadly for putting a carbon burner into a 
high vacuum. Possibly that will be asserted, for 
it is in the closing argument; but that featwe 
was very old in the art. Nor is his invention for 
putting a very thin and slender burner ina high vacuum 
independent of the material out of which the burner 
was made; for that I say was also old in art 1t was old 
with Mr. Edison himself. lt was also old to put carbon 
when brought intoa thin and slender torm into a high 
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the incandescent lamp which depends for its virtue upon 
that peculiar form of carbon to which he has given the un- 
defined and undefinable name of ** filament ”? Whatever 
he may have done with the carbon im other forms than the 
filamentary form, or whatever he may have done with 
other substances than carbon when reduced to filamentar 
forms, is wholly immaterial to the present question— whic 
is, When did Mr. Edison make an incandescent lamp into 
which he introduced carbon brought into that form which 
he had given the name of carbon? That he did not before 
the 21st day of October, 1879—his testimony upou that 
point is fuund in vol. IV., page 2,557. He says: 

‘If I remember right, it was on the 2ist of O.-tober, 
1879, that God’s sunlight was thrown on this business of 
incandescent lighting.” 

That was a revelation to him—a kind of a St. Paul busi 
ness ! 

Icome now to consider briefly as may be Crookes’ rad 
ometers. Prof. Crookes published a series of articles describ 
ing these radiometers in the Philosophical Transactions 
of the Royal Society at London away back in 1874, 1875, 
and running until 1878, in which he gave a most interest- 
ing account of some experiments which he had been carry- 
ing on in connection with investigations of radiant matter. 
etc. Among the apparatus which was desciibed by him 
was the instrument known as a radiometer. 

Mr. “'rookes by the use of the Sprengel pump produced a 
vacuum very much in excess of any of the vacua that are 
used in incandescent lamps of the present day. He passed 
a current through leading wires sealed through the glass 
to the platinum spiral and brought that up to a vivid in- 
candescence. That was an incandescent lamp in which 
the leading-in wires were made of fine platinum wire, and 
they were sealed into the walls of the lamp by the fusion 
of the glass directly upon the wires. The air was ex- 
hausted from that glass receiver. Thus we have created 
an apparatus which gives the Edison Jamp of the patent in 
suit with the exception that we have not got, so far 
as I know, the carbon filament. I do not know 
what the carbon filament is, but we have not got the car- 
bon filament here because we have not got the carbon. and 
I suppose we cannot have a carbon filament unless there is 
some carbon about it. Perhaps Brother Lowrie can en- 
lighten us ipon that point, but I suppose he will not do so 
until it will suit bis purpose to doso. But we have here 
the platinum spiral ; and we have here what is a thread of 
light platinum, if that be a definition of a filament ; but we 
certainly have not the carbon here. Ihave not one of 
Crookes’ radiometers in that particular form, Lut 
there is another form of Crookes’ radiometer, de- 
scribed in the testimony and referred to in the brief, 
and I have here aspecimen of it. Itis not im evidence. 
At the two sides here the platinum wires enter, and 
then they connect inside with a very fine platinum ring 
or loop of wire. In that case. as in the one we have just 
examined, the current being passed through the walls of 
glass where the seal takes place meets the high-resistance 
little platinum Joop inside, and brings that up to incandes- 
cence. You have there the bigh vacuum, you have the 
all-glass globe, vou have the fine platinum leading-in 
wires, and you have the burner inside. Now, that wasa lamp. 
It was not a lamp intended for general illumination. That 
was not Mr. Crookes’ object at all. It was a lamp designed 
for certain special uses, namely, to light up and throw 
bright rays upon the little faces of that apparatus inside, mn 
order to produce upon those certain pbysical effects which 
he desired to investigate. It was a lamp for a_ special use, 
but it embodied in its construction many of the principles 
which Mr. Edison professes to have discovered and em- 
bodied in his lamp which he devised fur the general pur- 
poses of illumination. 

I need not review the teachings of these radiometers in 
regard to those things that were old in the art in their 
bearing upon the patent in suit. -I desire, however, in 
this connection to call the attention of the court to the 
record in Freeman’s application for a patent tound in vol. 
IV.. page 2,580. In the year 1s81 Mr, Freeman filed 
au application in the Patent Office in which he showed 
incandescent lamps having a carbon burner enclosed 
in an all-glass globe, highly exhausted, with platinum 
leading in wires; and he made the claims whieh were sup- 
posed to cover pretty nearly the same ground as the 
claims in some of Mr. Edisons patents. . He was put into 
interterence with Mr. Edison—with this very patent of 
Mr. Edison’s. He had cited against him as one of the 
references King’s English patent, about which we have 
already heard; and he amended his claim in view of the 
King patent so as to read as follows (page 2,586): 

**An electric lamp for giving light by incandercence, 
consisting of a strip or filament of carbon of ‘high resist- 
ance enclosed within an exhausted receiver made entirely 
of glass and attached to metal wires passing through anu 
sealed into the glass as set forth.” 

I say that au interference was declared between him and 
Mr. Edison, and at some time subsequent thereto the 
interference was suspended by the Comnussioner of Patents 
in order that this radiometer of Mr. Crookes might be 
cited as a reference. On page 2540 is the next Patent 
Office communication, in which the office says : 

** In view of a newly discovered reference found in the 
Philosophical Transactions for 1876, page 351, and 1874, 
page 513”--being a form of radiometer to which I first 
called attention——"* the above-named application has been 
suspended from interference in order that it may be 
rejected, 

“It is not deemed material that applicant claims a car- 
bon filament in place of a platinum conductor shown in 
the reference, the substitution of one for the other being a 
matter within the skill of one well versed in matters per- 
taining to electric lighting, it being old in the art to use 
carbon conductors for incandescing lamps.” 

From that a re-examination and reconsideration of the 
matter was requested by his attorney in charge, and that 
re-examination was given and the action of the office was 
reaffirmed, constituting the final action and rejection. 
Apparently this publication of Mr, Crookes was not known 
to the Patent Oftice at the time that Mr. Edison’s patent 
was aliowed. Certainly they would be as pertinent against 
Mr. Edison’s application as against Mr, Freeman’s. 

Coming down to the year 1879, we bave a patent 
granted to Moses G. Farmer (vol. VI, page 4,628), which is 
of no special value in this action, except that Farmer pro- 
poses to use carbon as the burner of his incandescent lamp, 
and that carbon is to be wrought into the form of a small 
pencil or thin bar. 

The next important thing in this connection is the Edi- 
son platinum Jamp. At some early date in the year 1879 
Mr. Edison produced a platinum lamp which was strikingly 
like the carbon lamp of the present patent. He made an 
application for a patent for this platinum lamp in the 
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United States in April, 1879, and almost contemporapeously 
made an application for a foreign patent on the same 


invention. Some of the foreign patents were 
issued in advance of the American patent. His 
French patent was issued in June, 1879, and the 


Italian patent at about the same time. His American 
patent did not issue until May 4, 1880, and therefore 
was later than the patent in suit. But the invention which 
is described in the American patent had entered into the 
art before the making of the invention of the patentin suit. 
It had entered into the art because it had been described in 
newspapers, and it had become crystallized in the foreign 
patents. It wasin the Patent Office of the United States 
as the subject matter of a pending applicetéo1, and _ if 
not know to the world at large as there, it was to Mr. 
Edison at any rate a part of the prior state of the art. It is 
to the consideration of that patent and the relation which 
it sustains tothe patent in suit that I now invite your 
Honor’s attention. For greater convenience I will hand to 
your Honor a copy of the foreign patent. 

The Court: Do I understand you to say that this inven- 
tion has been described in any publication in this country ? 

Mr. DUNCAN: Yes; and it had been described in the 
French patent of June, 1879. and in the Italian patent of 
about that date; so that for convenience only | refer to 
the American patent just the same as if it had been issued 
prior to the date of the patent in suit. The French and 
Italian patents were actually issued in June—not simply 
dated back—but they were before the world as an open 
document in that month. The French patent is found in 
vol. IV., p. 2,479. 

‘there is fully set forth the relation which exists between 
the size and proportion of the burner of an incandescent 
lamp and the amount of mat«rial necessary to be used in 
the outside circuit for conveying the current to the lamp. 
What is true in relation to a lamp having a metallic 
burner is equaily true, and none the less true, in relation 
to a lamp having a carbon burner, and whenever Mr. 
Edison, aud whenever Mr. Lane-Fox, and whenever any- 
body preceding them, announced that principle to the 
world, there was no invention in subsequently applying 
that priaciple in the case of lamps in which a different 
material happened to be employed for a burner. That isa 
question of electrical engineering. and has not any rela- 
tion to the peculiar construction of a lamp: that is, to the 
materiai out of which the lamp is to be made. 

Mr. Edison gives a piece of testimony which I find quoted 
in plaintiff's brief in another connection bearing upon this 
question of the relation between this peculiar problem and 
the character of the burner. At page 3,013 0f Vol. V. Mr. 
Edison says : 

‘The great point we desired was a lamp of high resist- 
ance and small radiating surface,and it did not matter 
very much whether it was cf carbon or of platinum.” 

That 1s a distinct recognition by him that this principle, 
this great discovery, this thing which our friends tell us 
lies at the very foundation of the patent in suit, was a 
principle having an application just as much to a platinum 
lamp as to a carbon lamp. And that principle is emphat- 
ically and elaborately announced by Mr. Edison in earlier 
platinum lamp patents which bad entered into and become 
a part of the prior state of the art. I understood the 
gentlemen who opened for the plaintiff to put that forth as 
the great distinguishing feature of Mr. Edison’s invention, 
—that he was the first man to ‘* appreciate "—that was 
the word that he used, not once only, but a dozen times. 
They did not say even to ** discover” ; but they say that he 
was the first man to ** appreciate ” at its full value the re- 
lation that high resistance joined with small radiating sur- 
face sustains to economy of the copper in the conducting 
wires of the circuit. Therefore (that is the argument, as 
I caught it), the patent in suit is to be sustained 
with a broad interpretation. We say in part, not alone but 
in part, upon the strength of Mr. Edison’s own patents for 
completed inventions taken out before he had made the in- 
vention of the patent in suit, that that principle was old in 
the art. He knew it. He had revealed it to the world 
himself—perhaps supposing that he was the discoverer of it. 
He had given it to the world through various patents long 
before he made that invention which alone can be found 
in the patents in suit—months before the ‘‘great flood of 
sunlight came in upon the art of incandescent iighung” 
(to borrow his expression) he himself had taken a patent 
on this thing, not simply described, but had taken a patent 
for it; for that I understand to be the substance of some of 
these claims patenting this very thing. 

I suppose that we may be met with the question whether 
this platinum lamp has ever gone into extensive use ; 
whether it is a preferable lamp, etc. First, I may say that 
[ do not think it is necessary to my argument; nor 1s the 
argument specially pertinent to meet a question of that 
kind nor do I feel called upon to answer such a question. 
[am free to say, however, that Mr. Edison’s platinum 
lamps have not attained a large commercial use.” They 
were quickly followed, by Mr. Edison and by others, by 
better lamps. Nobody questions but that carbon is a bet- 
ter material than platinum, Mr. Edison found it out; 
others found it out; it was known befurehand. There was 
a difficulty in manipwating carbon so as to get a 


sufliciently high resistance. That was where a wide 
tield was opened fur all inventors; and when a man 


tound out how to do that, how to take carbon and bring it 
into filamentary form, and have it stand—when this man 
found out one method, and that man found out another 
method, and a third man found out another method, then 
the lamps were made that were better than platinum, and 
these lamps are what are in use to-day. I see my brother 
Lowrie smiling. He thinks that thatstatement is a recogni- 
tion of the value of this carbon lamp which is the subject of 
this suit. I think not. Ourtheory in regard to that is 
that that was worth no more, nor as much as the platinum 
lamp. If other inventions had not been made, that lamp 
would never have been heard of. There was no better than 
Mr. Edison’s earlier platinum lamp. That earlier platinum 
lamp was a practical lamp, and we have the authority of 
the Edison company’s own witness, Dr. Chandler, of 
this city, for the statement that if no hetter lamp 
had been invented, those platinum lamps would have been 
practic?!, commercial structures, provided only you could 
have had Mr. Edison’s later investigations, the feeder and 
inain distribution system, to use in connection with them. 
Wicu the feeder and main system was invented the plati- 
tuat lamp was not used in connection with it, because 
Letter lamps had been devised. Mr. Edison had devised 
better lamps—not this ubing, not this tar-putty spiral—he 
had gone beyond that; he had gut up something that was 
usefui, Other men had got a carbon lamp that was useful, 
and Mr. Edison had got up a bamboo lamp (paper was the 
first lamp put on the market). He patented a bamboo lamp 
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because it had a filament of bamboo carbon. There was an 
advance which he deemed patentable, and which the Patent 
Oftice deemed patentable. 

What I am contending for this moment is that this 
great principle which these gentlemen would credit to Mr. 
Edison, of the relation between high resistance of the 
burner and small cross section on the one hand, and the 
amount of copper required to carry the current from the 
dynamo to the lamp, is not and cannot be a part of the 
patent in suit. 

There was a French patent to Khnotinsky granted in 
1875, and an American patent granted to Woodward in 
1876, which are referred to by the witness, but the two 
patents are notin evidence. I forget why they did not 
tind a place in the revord. I think it was by oversight, as 
at the fast moment we found in relation to some other 
matters. Butthose two patents are of value here simply 
because at that early date they show an arrangement of 
incandescent lamps ip multiple arc. You will remember 
that King does not speak about lamps in multiple arc; 
nor does Robertson speak about lamps in multiple arc; but 
in 1875, in the first patent to Khotinsky, the arrangement 
of incandescent lamps in multiple arc is shown in two or 
three of the drawings, and is described, and also in the 
Woodward American patent of 1876 a carbon lamp is de- 
scribed, and the arrangement of that lamp in multiple arc 
is set forth. 

I come now to consider the Lane-Fox patents. Refer- 
ence was made to those* by Dr. Dyer in his opening; and 
while T have made some quotations from these patents on 
page 32 and following of my brief, I will not trouble the 
court to read those at length. But you will certainly find 
there revealed as fully as in Mr. Edison’s French patent 
the principle of the relation existing between the high 
resistance of the burner of an incandescent lamp and the 
amount of copper required on the conductors between the 
dynamo and the lamp when it is proposed to arrange the 
lamps in multiple arc. In one of the Lane Fox patents; 
he speaks also, in order to obtain this high resistance, 
of curling a strip of wire in the form of a spiral, 
and he says that the length and thickness of the 
spiral will depend upon the intensity required and the elec- 
tromotive force required available; and then he proposes 
to introduce that spiral into a globe and to seal the lead- 
ing-in wires, and make the whole vessel airtight. After- 
ward the air is to be removed as completely as possible, 
and the top sealed up, some gas being previously admitted 
if desired, as before described. He does not insist upon 
having an absolute vacuum there, but speaks of introduc- 
ing some gas for a certain purpose and under certain con- 
ditions, just as we shall find in one of Mr. Edison’s 
patents, taken out in the year 1888, that he says it 
is desirable not to have too high a vacuum, and that 
it is better after having taken out the air with the 
oxygen that it contains to let in an imert gas. 

in another of Lane-Fox’s patents he proposes to make 
his burner out of ‘* two highly refractory materials, one of 
which is a conducting material such; for example, as 
plumbago, and the other a non-conducting or bad-ccn- 
ducting material, such, for example, as magnesia, zirconia, 
lime, steatite or earthy matter.” 

He says: ‘1 mix or compound these materials in such 
proportions as to make the whole give a specific resistance 
in accordance with the electromotive force employed tor 
producing the light.” 

In other words, he wants there to get very high specific 
resistance. He uses carbon, but instead of relying upon 
the porosity of the carbon alone, he proposes to incorporate 
with it some nighly resisting substance, so as thereby to 
increase the resistance of the wire or burner. He uses the 
carbon as the conductor for the current. He adds to the 
natural resistance of the carbon by incorporating with it a 
certain proportion of a substance which is more highly 
resistant than carbon itseif. And in the same patent he 
speaks of using 140 volts of electromotive force, and 
says that the ‘luminous bridge” should have a resistance of 
about 300 ohms. He concludes this specification by this 
statement: 

‘The parts before described are hermetically inclosed 
within a globe or other form of glass, or other suitable 
material, through one portion of which the conducting wires 
are hermetically carried. From this globe all trace of oxy- 
gen, carbonic acid gas, water, or any gas or vapor capable of 
attacking or affecting the material of the luminous bridge 
when at a high temperature must be removed.” 

There are certain British patents to which i made a very 
brief reference on page 36 of my brief, being patents of 
Scott, Pulvermacher, and Van Choate, all of earlier date 
than Mr. Edison’s. The principal value of these patents is 
that they show methods of shaping the carbonizable ma- 
terial betore the carbonization, and the resultant products 
being employed for electric lighting purposes, either as 
pencils for are lighting or as burners for incandescent light- 
ing. I think that Scott and Pulvermacher make no men- 
tion of using these carbons produced by shaping before 
carbonization for incandescent work, but Van Choate is 
very distinct in relation to that, 

The utility of carbon as the proper mate1ial for the burn- 
ers of incandescent lamps had become well known, 
King points out in explicit language the great advantage 
of carbon. 

Again, the utility of a high vacuum to protect the carbon 
burner from destruction was well known. King had it 
and Roberts had it. King proposed to use the highest at- 
tainable vacuum at that day, the Torricellian vacuum, 
Roberts talked of making the vacuum as perfect as possi- 
ble, and said that thers would be no combustion if the 
vacuum was perfect. In that connection it would be 
pertinent to quote a single paragraph from the statement 
made by his Honor, Judge Bradley, in the McKeesport suit, 
which was found on page 888 of vol. I: 

**Long prior to 1878 it was a well-known fact in science 
and the arts that the transmission of the electric 
current through a pencil of charcoal interposed in a me- 
tallic circuit would produce intense light; and that when 
this charcoal was guarded from contact with oxygen in a 
vacuum or otherwise it would not be consumed. This is 
fully verified not only in scientific writings, but by the 
statements found in several of the patents referred to.” 

Another thing which certainly had become one of the 
postulates of the art was the desirability of making a re- 
ceiver or globe entirely of glass, as a means of preserving 
a high vacuum within a vessel into which the electric cur- 
rent is to be passed. 

Another thing was fully established by the patents to 
which we have referred, the use of fine wires of platinum 
as the material for leading wires, where the electric cur- 
rent 1s to be carried through the walls of a glass globe into 
a vacuum.) 
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Another thing was the arrangement of incandescent 
lamps in multiple arc, in order to secure a wide distribu- 
tion of light from a single source of electrical supply. 

Also the necessity of giving the burner a high total re- 
sistance, in order to secure wide distribution in multiple 
arc, and as a means of diminishing the size of the distribu- 
ting wires by which the current is conveyed from the 
source of electrical energy. 

Also the idea of making the burner of an incandescent 
lamp of small cross section. I have but recently gone over 
those English patents, and have shown you the making of 
electric light carbons, which consisted in reducing them to 
shape before carbonization; therefore, in that there was 
nothing new, and ro discovery made by Mr. Edison. 

The manufacture of electric light cartons by cai bonizing 
a mixture of lamp-black and tar or equivalents also was 
old. We find that in the Gauduin process, the Carre pro- 
cess. in the Pulvermacher patent. and others. 

With that view of the prior state of the art and summary 
of the things we deem to be old, and of the things for 
which we tind an answer tothe claim of novelty, let us 
proceed to discuss a few of the points brought torward bv 
Prof. Barker, professcr of physics in the University of 
Pennsylvania, and which he has carefully formulated as 
being the elements of impoitance in the invention dis- 
closed in this patent. If vou willturn to page 65 of vol, 
1. you will find that Piof. Barker credits Edison with 
‘having made a new departure in the art.” The context 
will show that he means by that a new departure by reason 
of the invention covered by this patent—the new departure 
consisting in four features, which he enumerates as 
features of importance. 

He says : 

** The new departure in the art thus described embodies 
several features of importance : 

‘©(1) The carbon burner has a small cross section and 
presents a small radiating surface even when giving con- 
siderable length. 

** (2) The filamentary carbon burner is made of a pecul- 
iar kind of carbon, 7. e., one produced by the carbonization 
of a material, the volatile portions of which pass off during 
the carbonization, leaving a porous carbon residue of high 
resistance.” 

That is what we understand to be a purely structural 
carbon; and we think that at the time when Dr. Barker 
formulated this analysis of the Edison invention he was 
not aware of the fact that the delfendant’s carbon was a 
treated carbon, and that its resistance was reduced from 
50 to 90 per cent. after carbonization by the treatment to 
which it was subjected by the carbon that was brought in 
and deposited all through the porous structure. That 
came out afterwards. 

‘3) The filamentary burner is made by first reducing 
the material to the size required, or selecting a material 
already in the proper form, and then carbonizing it, 

**(4) An exhausted and sealed glass bulb is employed to 
contain the burner, which bulb, as we afterward see. is 
made of an entire piece of glass closed at all points by the 
fusiou of the glass, and capable of maintaining a vacuum, 
as distinguished from the separable lamp chambeis with 
cemented joints before employed.” 

I do not know that I ought to consume much of the time 
of the court in dealing with the first one of these proposi- 
tions which Dr. Barker has put forward, embodying what 
he regards as the first of the four specified features of im- 
portance in Mr. Edison’s great vention. ‘That assump- 
ticn on the part of Dr. Barker has been taken up and dealt 
with elaborately by defendant’s witnesses. We say that 
there was no invention in giving the carbon burner a small 

‘ross section or making it of a small radiating surface com- 
bined with considerable Jength—stated by Prof. Barker to 
be the first of the essential features of the ‘‘ new departure 
in the art” with which he credits Mr. Edison. 

Prof. Cross says on this point: 

** The value of this principle in the construction of an 
incandescent lamp is evidently entirely independent of the 
material of the burner. This principle has been recognized 
and employed with platinum wires ever since the iact was 
first known that platinum could be heated to incundescence 
by electricity.” 

He says that the principle is recognized in the case of 
incandescent lamps, in the platinum lamp of King, in the 
Edison United States patent platmum lamp, and in the 
British patent of Lane-Fox. Then he adds: 

‘So far as the mere use of this principle in a lamp with 
carbon as the material of this burner from being a new 
departure, that in my opinion would not involve the 
slightest trace of invention. But the application of the 
peencione in question to incandescent lamps with carbou 
yurners was by no means new with Mr. Edison. The 
carbon lamps of King, Robert: and Lane-Fox, as set forth 
in their patents already referred to in my previous answers, 
possess carbon filaments whose cross section is small, and 
the desirability of this construction is iosisted upon in 
these patents.’ 

In that connection I would like als to call attention to 
the testimony of Mr. Shallenberger, vol. III., page 1,389, 
question 32. This has to do simply, as your Honor remem- 
bers, with the question of proportioning the old burner so 
as to have a small cross section, which will give a high 
total resistance. ‘this witness is a graduate of the United 
States Naval Academy, and a gentleman competent by ed- 
ucation and experience to answer the question which is 
put to him : 

Q. If, in the year 1878. lamps like the Bernstein lamp 
—Let me explain. The Bernstein lamp is a low-resistance 
lamp, in this sense, that while: it has a carbon burner the 
carbon burner is of large cross section, so that the total re- 
sistance is low—so low that the lamp is not capable of use 
in multiple arc, It is used only in series; and the Edison 
company make Jamps under this patent, 1 believe, which 
are capable of use only in series because the total resistance 
is so low. The Thomson-Houston company make lamps 
which are known as series lamps, having a low total re- 
sistance. It is with reference to those lamps that this 
question is addressed to Mr. Shallenberger. 

Q. If, in the year 1879, lamps Jike the Bernstein lamp 
or any of the Edison municipal lamps had been shown and 
explained to a person familiar with the laws of electricity 
and such person had been requested to construct or direct 
the construction of other lamps of the same gener! 
character, but which should be adapted for use in multiple 
arc. the candle power of the lamp remaining unchanged, 
would such person have known the nature of the changcs 
in the size and proportions of the carbon that would Le 
necessary to effect the desired results, 

A. Long prior to this date the Jaws governing the dis- 
tribution of electrical energy m circuits were well undev- 
stood, and I see no reason to doubt that avy one familiar 
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with these laws would have easily arrived at the conclu- 
sion that a carbon conductor of low resistance was up- 
suited to extended distribution in multiple arc; and since 
the fact was well known that any two conauctors of the 
same specific resistance were of relative total resistances 
directly proportional to their lengths and inversely as the 
cross sections, it seems evident to me that the line of modi- 
fication required would have been indicated at once by a 
knowledge of this principle. And here comes the more 
important part of his answer. {was myself at this time 
familiar with calculations relating to distribution of cur- 
rents, both in multiple arc and series circuits. Asastudent 
of engineering at the United States Naval Academy, I 
was frequently required to solve problems of this exact 
nature for the purpose of determining the proper propor- 
tions for toxtpado fuses and their leading wires and the bat- 
tery pressure required for their proper operation. These 
problems included arrangements in muitiple arc and in 
series, and general investigation of the proper relation of 
resistances in the devices to be operated, the leading wires 
and the batteries or dynamos. was familiar at this time 
with the fact that where it was desired to obtain a heating 
effect from the current, as in the case of a torpedo fuse, 
that it was necessary to have the combined resistance of 
all the fuses in circuit high enough to be suited to the re- 
sistance of the leading wires. I was also familiar with the 
fact that if a number of conductors to be heated were to be 
arranged in multiple arc, the combined resistance would be 
much lower by so joining them, unless at the same time 
the resistance of each of the conductors so joined together 
was made great proportionately to the number connected 
together. 

n other words, in the examination of the problems that 
were presented to him at the Naval Academy he had 
come to know that if you take fuses of a certain resistance 
and arrange them in multiple arc and put a given current 
through, you would not get those fuses high enough to 
explode the mine. You had under that arrangement of 
the fuses to increase their total resistance, the resistance 
of each one of the fuses, and in that way you could con- 
centrate more of the effective electrical energy at that 
point, and so get the requisite heat to ignite the powder 
or other explosive. It was a question of adjusting the re- 
sistance according to the system of distribution that it 
was proposed to employ. The law in that regard is no 
different as applied to the resistance interposed in an elec- 
tric circuit for the purpose of getting heat frum which 
light will emanate from what it 1s when applied to resist- 
ance interposed in an electric circuit for the purpose of 
getting heat with which to ignite an explosive. 

There were a great many interesting questions put to 
Mr, Edison upon this subject, and I do not think that they 
were frankly and ingenuously met. I will not say that 
they were dishonestly evaded, but they were not met in a 
frank and manly manner. The object of the question was 
to search the conscience of tnis inventor, and to know 
whether he really believed that he had made a great in- 
vention or discovery when he announced to the world this 
relation existing between high resistance and small raaiat- 
ing surface on the one hand and the amount of copper in 
the circuit in the other. ‘The question to which | now 
specially refer constituted a part of his deposition found in 
vol. [V., at page 2,568. While I know full weil that in the 
case of a volsuibens record like this it isnotexpected of the 
judge to examine every page and read every word—tor that 
would be a ptysical impossibility—and the attention of the 
court will naturally be attracted to those things that are 
specially emphasized in the briefs submitted, yet I cannot 
resist the suggestion that the defendant would hope that 
the court mignut find time to read every word of this not 
extended deposition of Mr, Edison. This is the deposition 
that was taken under an order issued by your Honor, 
where you imposed upon the defendant the burden of call- 
ing Mr. Edison, not, as I understand it, with a view to 
making that man the wituess of the defendant, but, under 
the peculiar circumstances of the case, for the purpose of 
putting upon the defendant, in the first instance, at any 
rate, the expense connected with that transaction. There- 
tore the deposition is really in the nature of a cross-exam- 
ination of the witness: 

Q. You recognize the fact, do you not, that in this art of 
incandescent lighting there is a certain practical relation 
existing between the size and pruportions of the incandes- 
cent burner and the character of the conductors emploved 
to curry the current to the lamp? 

A. That depends upon what system you use. 

Q. IL assume, and ought to have said in my question, 
thet the lamps are to be arranged in multiple arc. 

A. There 1s no such relation. 

Q. Do you consider yourself the discoverer of that rela- 
tion ¢ 

A. I do not consider myself the discoverer of Ohm’s law, 
and Ohm's law will explain all things that have been dune, 
and it will probably explain everything that will be done in 
the next thousand years in electricity. 

Q. Is that the best answer that you can make to the 
question ¢ 

A. 1 don’t like to be drawn in as an expert; I am not an 
expert on the question of words. I will answer questions 
of facts but I do not like to expert. 

Q. It does not occur to me that I am examining you as 
an expert on this matter; I simply ask you whether you 
consider that you are the person who discovered the rela- 
tion that exists between the size and proportions of the 
burner of an incandescent lamp and the character of the 
conductors employed to convey the current to such lamp 
when the lamp is being used in multiple arc? 

A. [do not know whether Iam or not in relation to an 
incandescent lamp. Ohm’s law did not mention incan- 
descent lamps. It is a broad general law. I think I have 
already stated a sufficient answer. 

So he goes on; and pretty soon he begins to quarrel again 
with Ohm’s law. : 

Q. I will put this question, then: Didn’t you know, as a 
matter of inference trom Ohm’s law, at the time when 
you began your experimentation with incandescent lamps, 
that with a given size of conductor it would be necessary 
tu give the individual lamps a higher resistance if they 
were to be used in multiple are than would be necessary if 
they were to be used in series? 

A. It is not necessary in applying Ohm’s law at all, but 
when you bring inthe commercial element in connection 
with that law, then it is; the fact of the matter 1s that at 
the time l experimented ou the incandescent lamp I did 
not understand Ohm’s law. 

Q. Do you mean that you did not know the formula of 
Ohm’s law at that time’ 

A. No, sir; | did not know it. 
Q. When did you first get knowledge of Ohm’s law? 
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A. It may seem strange for me to state that Ido not 
really understand Ohm’s law to-day. 

Q. I do not ask you whether you understand Ohm’s law, 
but when did vou first know of this law ? 

A. I have heard of Ohm’s law for the last 20 years. 

Q. What do you mean by saying that you did not know 
Obm’s Jaw at the time you began experimenting with in- 
candescent lamps? 

A. I mean to say that I did not understand Ohm’s law. 
Ido not understand Ohm’s law now, and, moreover, I do 
not want to understand Ohm’s law. It would prevent me 
from experimenting. 

You see that we did not get an answer to cur question. 
We put to him a fair and honest question, intended to 
search his conscience as to whether he believed that he 
was the man who discovered this wonderful relation be- 
tween the size and proportions of the burner and the char- 
acter of the circuit for the current from the dynamo to the 
lamp. The thing which formed the burden substantially 
of the opening argument, the thing in which this great 
merit consists, as our friends would have you believe, is 
this relation; and | think we are fairly entitled to an answer 
to the question. But what does Mr. Edison do? He flies 
into a quarrel with one of the great lawsof nature, and says 
that he does not understand it; that he does not know and 
does not want to know what it is. 

I would also like to call the attention of the court to the 
testimovy of Dr. Chandler, of the Columbia School of 
Mines, another witness for the }dison company. You 
will find his testimony at page 5,203 of vol. VII. He was 
there testifying in relatiin tothe date of another patent, 
and what he said astothat dace he subsequently said would 
apply to the date of the patent in suit. 

Q. Is it your opinion that domestic illumination with 
lights comparable in illuminating power to ordinary gas 
jets could have been successfully introduced by means of 
the system of distribution in suit, with such lamps and 
other apparatus as were known at the date of the applica- 
tion for the patent? 

A. It is. 

Those lamps were, according to this patent, and accord- 
ing to the contention of our friend upon the other side, 
lamps of low total resistance, four ohms and under. 

Q. Is it your opinion that mere engineering or mechani- 
cal skill would have been sufficient for adapting forms of 
lamps, dynamos and other necessary appliances known at 
the date of the application for the patent in suit, for pro- 
ducing the result stated in the preceding question in con- 
nection with the system of distribution described in the 
patent in suit ? 

A. It is. 

In other words, according to the opinion of Dr. Chandler, 
some ingenuity and mechanical skill were sufficient to 
change the proportions of the old lamps, antedating Mr. 
Edison, into such proportions as would make them avail- 
able for use in large numbers in multiple arc work, 

Now, was there invention on October 21, 1879, in putting 
a piece of carbon, I don’t care what its shape may have 
been, into a highly exhausted globe, when that globe was 
made out of one —_ of glass, as distinguished from two 
pieces of glass that were held together by some mechan- 
ical joint ? 

Mr. Cross says that there would have been no invention 
in June, 1879, in putting in carbon wire, if you had had a 
carbon wire in place of the platinum wire of the Edison 
plauinum lamp. His argument is a very simple one. 
Among other things he says that he can see no more in- 
vention in putting a piece of carbon, if you had it to putin, 
in the place of platinum, than there would have been in 
putting an improved kind of platinum in place of the first 
and inferior platinum that Edison may have used. 

And your Sane will recall perhaps that in one of the 
Edison patents relating to his platinum lanip he discourses 
at length upon a special mode which he has invented of 
preparing platinum to be used for that purpose. Instead 
of taking the ordinary platinum wire of commerce, he 
proposed to take that wire and treat it electrically in a 
vacuum, so as to consolidate it, and thus he says he can 
from the same piece of platinum that previously, before 
the treatment, would give but three candles of light, secure 
twenty-five. 

Now, if in his first platinum lamp he had used, as doubt- 
less he did, the ordinary platinum wire of commerce and 
found that it was not sufficiently durable, and then had 
made this improved platinum wire for the older and in- 
ferior platinum wire, the invention would have been in the 
process of treating the platinum wire, whereby it was 
made superior to the old article. 

So to-day we have these lamps with a carbon of a certain 
quahty, not perfect carbon, not the ideal carbon—it has 
its imperfections. If to-day I devise some method of mak- 
ing a carbon that is largely superior to anything that Mr. 
Edison, or Mr. Maxim, or Prof. Farmer, or any of the other 
inventors have made, is their invention involved in substi- 
tuting the superior carbon for the older and inferior car- 
bons? I apprehend not. 

There is another very interesting patent of Mr. Edison’s 
to which 1 will ask your Honot’s special attention. It is 
found in vol. VI.,at page 4,660. itis strikingly like the 
old King lamp of 1845. The lower part of the glass re- 
ceiver, instead of being closed by a fusion of the glass 
upon the leading-in wires, is extended down into two long 
barometric tubes, and the leading wires run down into the 
mercury in those tubes. That is the seal which, in the 
year (880, June 30—for that was the date of application— 

ir. Edison said would be an excellent thing for lamps 
having a large radiating surface. He says with reference 
to this kind of seal: 

‘For high candle power incandescent lamps this arrange- 
ment makes a very reliable and durable seal, obviating any 
danger there may be of seal breakage arising from dif- 
ference of expansion coefficient likely to exist where a 
large metallic conductor is sealed directly to or in glass. 
For such reason, in large lamps, this method may prove 
preferable to that of sealing direct, as shown in some of 
= prior applications.” 

n view of that patent we trust our friends upon the 
other side will not say that the King lamp is to be thrown 
out of consideration by the court because, forsvoth, you 
couldn’t maintain a vacuum in it. 

Then we have in evidence, your Honor, some exhibits 
illustrative of the Sawyer and Man methods of sealing or 
closing up their receivers. They show in their earlier 
patents of 1878 a closed chamber which had a metallic base. 
One patent also showed a glass plug entering the throat of 
the gluss case. We have had lamps made, they were used 
in the McKeesport suit, showing that same method of con- 
structing the globe. They were exhausted to a very high 

degree of tenuty; they were put on a test and run some 





VoL. XVII. No. 25. 


of them for 200 hours, without any impairment of the 
vacuum; and they were then introduced into this case, 
being subjected to a later test, after lying idie for a year 
or so, to see whether the vacuum was still maintained in- 
tact. It was found that it was, and Mr. Shallenberger, 
who carried on vhose experiments, the gentleman to whom 
I refer, who is a graduate of the Naval Academy at An- 
napolis, testifies that those experiments demonstrate be- 
yond any doubt the entire practicability of such a lamp 
structure. 

We now take this position, that the lamp of the patent 
in suit was a most inferior structure, and, in fact, made no 
more impression upon the art than did the inferior pla- 
tinum lamp which Mr Edison made in.the year 1878; not 
the one covered by the French patent, not the one covered 
by the American patent, to which attention has been called, 
but before that, in the year 1878, he developed a platinum 
lamp and set the world on fire with it It was that worth- 
less platinum lamp of Mr. Edison’s which he exhibited at 
Menlo Park some time in November or December of 1878 
that caused the great panic in gas stocks in London. It set 
the Bourse in Paris in commotion, and the stocks on those 
great exchanges went down seven and eight and fifteen per 
cent. in consequence of that announcement. 

The lamp was of no value. It produceda profound im- 
pression in the world, but was never heard of after a few 
days’ time. It gave great éclat and notoriety to Mr. 
Edison. But this lamp was as worthless, according to our 
conception of the thing, as was the earlier platinum one. 

It was only when improvements have been made, only 
when the art has progressed beyond these two worthless 
things of that origmal open platinum lamp and this coil of 
tar putty, spiral carbon lamp, that the world began to ap- 
preciate that there was some economical and practical 
value inan incandescent Jamp. 

And, even so, the development of the art was exces- 
sively slow. Down to the year 1882 the Edison company, 
with their enormous capital, had only put upon the mar- 
ket 34,000. Nearly two years after, the date of the issue of 
this patent, they, with all the accumulated inventions that 
had come into the art, and which were placed at their dis- 
position, had only succeeded in selling 34,000. 

But in this connection we have that most interesting 
testimony of Prof. Chandler. who says that before the date 
of this invention there were good practical commercial 
lamps in existence. They couldn’t be used because there 
was not known to the world at th’t time a feasible system 
of distribution. If only that had been known, the other 
lamps would have come in and played an important part, 
and among them he names with emphasis Mr. Edison's 
earlier platinum lamp, having all glass highly exhausted 
globe. Accordingly, 1 deem this peint of so much value 
that I shall make no apology for reading some extracts 
from Prof. Chandler’s testimony, 

Your Honor has heard about the witnesses who were 
called before the Parlimentary committee in England, in 
1879. Dr. Chandler had a question addressed to him of 
this character: 

_Q. Assuming the state of the art existing in 1879, at the 
time when the various witnesses whose testimony you 
have quoted were examined before the Parliamentary 
committee, would the invention described and claimed in 
the patent in suit, without any further invention by Mr. 
Edison or any one else, have constituted, in your « pinion, 
a practical solution of the problem of the subdivision of the 
electric light, which you have said was regarded us very 
difficult, if not impossible of soluiion, by those wit- 
nesses ? 

That is the ** feeder and main” patent. your Honor. 

A. It would; for the reason that the three elements 
necessary would have been available: Incandescent lamps, 
the source of electricity, that is, dvnamos, and the Edison 
system of distrioution, by which the current could be sup- 
plied tv the lamp under suitable conditions. 

Q. What incandescent lamps were available at that time 
which in your opinion would have been suitable for the 
purpose and capable of commercial use? A. Ihere was the 
platinum lamp, of which several forms have been invented, 
for instance—— 

And he refers to the King lamp and the Sawyer and Man, 
and, abottt the date of this report, though the patents 
were issued a little later, the Edison lamps, the Swan lamps, 
the Lane-Fox lamps. 

Q. Is it not a fact that the literature of the subject shows 
that the general conception of the nature of the probiem 
of the subdivision of the electric light, as it was understood 
prior to 1880, was that it related to the production of any 
kind of electric lamps having illuminating power equal to 
a common gas jet and adapted to like purposes, which 
should possess such characte1isticsas would make it practi- 
cable for one generator to operate a considerable number 
of them located at reasonable distances from it, and which 
at the same time should be economical, durable and cheap 
enough to make them commercially useful, and so simple 
and reliable that they could he placed in the hands of the 
public to manipulate ? 

A. The lamp described in the question was undoubtedly 
recognized at that date as one of the necessary elements 
of the problem of the subdivision of the electric light; but 
at the same time it was recognized thet the problem in- 
cluded as an equally essential part of the problem a system 
of distribution so arranged that no more current would be 
called for than was necessary to actuate the lamps in ac- 
tual use at any given time, and to supplv a suitable cur- 
rent with such economy in the cost of conductors as would 
make the system practicable, and it is hardly necessary to 
say that every electrician realized the fact that the current 
sent out must be of such a character as to tension and 
uniformity as to properly actuate the lamps. 

Q. Would such lamps as the Edison platinum lamp and 
the Lane-Fox lamp referred to, be, in your opinion, such 
lamps as could have been successfully used fur the practi- 
cal introduction, commercially, of domestic illumination 
with lights comparable in lluminating power tu ordinary 
gas jets by means of the system of distribution described in 
the patent in suit, if no better lamps had been produced? 

A. I think they would. 

The Court: This was his testimony of the ‘** feeder and 
main” suit, 

Mr. DuncAN: In the ‘‘ feeder and main” suit, another 
suit pending in the District of New Jersey against West- 
inghouse, Kerr & Co, 

The Court: In which he was a witness? 

Mr. DuncAN: In which he was called as a witress for 
the Edison company, the complainant here. While the 
defendants are nominally different yet it is conceded by 
stipulation that the detense is being conducted in both 
cases by the Westinghouse Electric & Manufacturing 
Company. 
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I have only this further comment to make, then, that 
this piece of vestimony of Prof. Chandler shows the won- 
derful adaptability of the Edison company. Like the cha- 
mek on they change color with their environment. If you 
put them on the tree of the feeder and main patent every- 
thing takes on a brilliant rainbow hue, aud they find that 
that is the tree whose roots strike down to the centre of 
the earth and whose branches spread over the whole earth. 
If you put them iuto the carbon filament tree everything 
takes on a golden hue there, and I suppuse their witnesses, 
then, reasoning from the stanipoint of that position and 
the necessities of that case, find that everything is turning 
to gold for that reason. They don’t seem to have the 
proper perspective. When they get into the presence of 
one c se that fills the whole vision, and they go into the 
presence of the other case and that takes up the whole 
vision. They take alittle dime and hold it too near the 
eye, and it becomes a cartwheel that excludes even the 
sun from the heaven. 

This whole subject of the development of a new art, the 
creation of an art by Edison, was fully discussed by 
Morton and Cross and others, and they gave their reasons in 
full in support of the general proposition that this lamp 
played a most insignificant part, if any part at all, in the de- 
velopment of the art. In fact, the art was developed—not 
created at that time, hut developed—from its earlier state by 
the labors of many men and by many inventions made by 
each one of the noted inventors who were working in this 
field of industry. One of the bulletins that were issued by 
the Edison company in 1883 contains this statement which 
was of importance in this connection: 

‘* Mr. Edison holds 83 other patents”—three had been 
specially named-—“ already granted in this country on the 
lamp alone, and has applications for 75 more patents on the 
lamp alone now awaiting decision. . These patents 
allowed to Mr. Edison on his lamp are only a small portion 
of the patents allowed to him in connection with the use 
of the lamp up to the present time. 

‘*No lessthan 227 patents have been allowed to Mr. 
Edison in the United States alone on his lamp and on the 
details connected with its manufacture and use. And he 
also has 175 additional applications for patents on the same 
subject now awaiting examination at the Patent Office.” 

And one of the patents which had been granted to him 
was that patent with its broad fundamental claim, where 
he shows the platinum lamp and makes a claim which is 
broad enough to cover every incandescent lamp that is 
now in commercial use, whether platinum be employed or 
carbon or anything else. and in that patent, which covers 
an invention made by him before the date of the invention 
of the patent in suit, he had pointed out, had elaborated 
most fully this great fundamental principle of high resist- 
ance and small radiating surface, and the relation of those 
two things to the character of the circuit wires. 

If there is anything fundamental it must be in that ear- 
lier invention of Mr.. Edison. That patent is not here in- 
volved. That patent probably will never appear in the courts 
again, because, in view of the radiometer of Mr. Crookes, 
it seems impossible that the claim that was allowed to Edi- 
son there can ever be maintained. 

I don’t suppose that your Honor will for a moment ap- 
rehend that the Edison company regard the commercial 
amp of the present day, as made by them, to be under 

this patent alone. 

An interesting piece of testimony bearing upon this sub- 
ject is found in Mr. Upton’s testimony. He was asked this 
question: 

Q. Have the Edison incandescent electric lamps, manu- 
factured by the Edison Lamp Company, been provided 
with any marks or labels showing the fact that they were 
patented, and if so, what has been the character of such 
marks or labels, and how long have they been used ? 

He then goes on to show that in the year 1882 they put 
onto their lamp a little label. pasted it onto the globe, 
and that recited five patents; that then they took that off 
and simply put on a smaller label showing ‘‘Edison’s 
patents.” and put a big label onto the barrel heads in 
which the lamps were packed. There is the label (showing 
label to court). It contains a list of 121 patents, and the 
very first patent on the list isa patent granted to Wood- 
ward in the year 1876. 

Now that the court may not misunderstand my position 
in relation to this, let me explain. This label reads: 
‘* Edison Lamp Company, sole licensee for the manufacture 
of Edison lamps under the following United States patents.” 
It does not in terms say that all those inventions are 
embodied in each one of the Jamps, but the question put to 
the witness was, ‘‘ Have the lamps been provided with any 
marks or labels showing the fact that they were patented ?” 
A fair inference to draw from that is that those lamps em- 
bodied 121 different inventions, 1 don’t know that the wit- 
ness intended thatinference to be drawn. Whether he did or 
not, 1t won’t be disputed that each one of the Edison lamps 
to-day embodied in its construction many of the patented 
inventions of Mr. Edison. 

As to the views of scientific men prior to the year 1879, 
in regard to the difficulty of solving this problem of the 
subdivision of the electric light, the plaintiff bas groped 
around in the literature of the past, and has got together 
from one source and another a good many utterances going 
to show that the problem was regarded as a very difficult 
one, and some men said they doubted if 1t could be solved. 
The problem was a very difficult one, and the history of the 
slow development of the art, even after the attention of 
the world was turned in this direction by the cheapness 
with which the current could be developed, shows that it 
was necessarily a difficult one. The hundreds and thou- 
sands of inventions that have been made in order to develop 
this art are a complete demonstration of the opinion of 
those men, 

I do not find, however, that it is fair inference from the 
Opinions of those men put in evidence that they regarded 
it as impossible or an extremely difficult thing to make a 
lamp that could be used for the purpose of incandescent 
lighting. 

Judge Bradley, at that passage in his opinion where he 
is referring to Patent No. 223,898. does say that, ** the 
principal and great thing described in that patent is the 
attenuated filament and its inclosurein a perfect vacuum.” 
Those were the words that my friend desired meto read 
oaeercny. He says that, ‘‘ but for this discovery, electric 

ighting would never have become a fact. It is undoubtedly 
the great discovery in the art of practical lighting by elec- 
tricity.” And elsewbere he says that ‘** the great discovery 
in the art was that of adopting high resistance in the conduc- 
tor with a small iJluminating surface and a corresponding 
diminution in the strength of the current. This was ac- 
complished by Edison in his filamental thread-like conduc- 
tors rendered practicable by the perfection of the vacuum 
in the globe of the lamp.” 
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Now that does not make forthis present patent at all; 
not even according to Judge Bradley’s conception of the 
matter. In the first place, your Honor will note in all that 
Judge Bradley does not use the word ‘‘carbon.” He does not 
say thatit was the puttir.g of a piece of carbon of high 
resistance and small illuminating surface into this vacuum 
that laid the foundation of this problem, or which was 
the solution of the problem. 

He adds also these words, and it is a complete answer. 
it seems to me, to the argument that our friends on the 
other side would draw from these general forms of state- 
ment made by his Henor in the McKeesport suit. He 
says: 

“This great discovery . . is well indicated and 
shown in Edison’s patent applied for in April, 1879, and 
issued May 4, 1880, No. 227,229.” 

That is the patent covering the platinum Jamp; and it is 
the same great discovery that was shown in the French 
patent that was issued in June, 1879, and the Italian pat- 
ent of that date, and through that medium had become 
spread all over the world. 

The discovery was not new with Mr. Edison; but con- 
ceding for the moment that it was, it was not revealed to 
the world by Mr. Edison in the patent now before this 
court. 

The only real question, then. for consideration in this case 
should be whether there was patentable novelty in Mr. 
Edison’s special mode of making his burner and in his 
mode of fixing it in position. If the patent be restricted, as 
the defendant insists it must be, to the making of the 
burner by the process of carbonization pure and simple, 
unaffected by a subsequent treatment, that would reduce 
its resistance; nor if it being restricted to the curling of the 
burner 1n10 a close spiral so as to mass a part of its surface, 
in order togeta high resistance withvut changing the radiat- 
ing surface, orif 1t be limited to the securing of that burner 
to the leading-in wires by the use of an elastic carbonizable 
cement, then the defendanis do not seriously contest. They 
have no interest then in contesting the patentability of the 
invention, as disclosed in the patent. But if the claim made 
by the plaintiff is that this patent covers broadly the com- 
bination of acarbon burner, even when restricted to the 
form of an attenuated filament with a highly exhausted, 
hermetically sealed glass globe, then we say the whole 
logic of Judge Bradley’s decision is against them. There 
1s another puint which has been very much dwelt upon in 
the opening argument for the complaimant in the brief 
submitted, in the testimony of the expert, as going to 
prove great merit in Mr. Edison’s work, as revealed in this 
patent. It is the proposition that Mr. Edison discovered a 
new property of carbon. 

The claim started in this way: Prof. Cross, your Honor 
will remember, testified that in April, 1879, 1t would not 
have required invention in his judgment to have sub- 
stituted a carbon wire for a platinum wire in Edison’s 
platinum lamp, provided—he was guarded in that—pro- 
vided you had a carbon wire that could be put in there. 

Well. Mr. Clarke takes up the cudgelsand says that pro- 
viso takes away all the force from the testimony. Prof. 
Cross would not have known in the first place the size and 
proportion of the burner because he would not have known 
the specific resistance of carbon, consequently he would 
not have known that a carbon wire or fiiament if put in a 
highiy exhausted globe would have been endurable; he 
would not have known but what it would have suffered 

* disintegration ; and when Mr. Edison tried the experiment 
and found that it would not disintegrate he discovered a 
fact nut known to the world, and he discovered a new 
property of carbon—that is the form in which they have 
stated 1t—and the changes have been rung upon that, and 
will be rung upon it still more by the complainant. 

Everyboay knew what the specific resistance of carbon 
was, just as they knew what the specific resistance of 
platinum was. It was simply a question of the relative 
conductivity of those several materials a8’ compared with 
the standard mercury, and it is all written in the books, 
and we have here a record produced by Dr. Morton show- 
ing what the specific resistances were taken from publica- 
tions in the year 1858. 

But another piece of testimony of Mr. Edison’s is found. 

Q. Ils it not the fact, Mr. Ediscn, that as soon as you 
had made a highly exhausted all-glass platinum burner 
lamp, and found that it would maintain its vacuum, you 
were confident that a carbon filament would remain stable 
in that same ve:sel and vacuum, provided you could make 
the filament homogeneous? 

A. 1 believed that by substituting a filament of carbon 
for that platinum, it would be stable. I did not have any 
doubt but what I could make a fiJament of carbon suffi- 
ciently homogeneous for the purpose ; the platinum lamps 
which I used, however, did disintegrate to the extent of 
tinting the glove with a vapor of platinum, and I supposed 
that this effect would take place even when I used a fila- 
ment of carbon under the conditions, but I hoped it would 
not be to such an extent as to render it uncommercial, and 
1 was surprised to find that it did not blacken at all, and 
that is the discovery that I set forth in the patent, and I 
have emphasized the word ‘‘ stable” and used instead the 
words ** absolutely stable.” 

Now Mr. Edison knew by a prior reasoning, as I inter- 
pret those words, that when he had got a permanent 
vacuum, he could put carbun in there where platinum had 
been before, that he could put ina fine piece of carbon 
where there had been a tine wire platinum. He did not 
think that there would be some blackening. He did not 
think it would not blacken at all. 

Now our friend Mr. Clarke has seized upon that state- 
ment, that it did not blacken at all, and the statement is 
made a great deal more positive by Mr. Edison in other 
parts of his testimony, where he says, *‘1 supposed it 
would disintegrate somewhat; but 1 did not suppose that 
it would not disintegrate at all.” 

That was the great discovery that he made, according to 
his version of the matter, and if he had made such a dis- 
covery as that, it would have been a wonderful discovery 
indeed. He never made it, your Honor, for no such fact 
exists in nature; and I shall invite your attention to two 
or three parts of the testimony here for the purpose of 
clinching now that error as I understand it, in regard to 
this hypothesis that Mr. Edison discovered a new pbhysi- 
cal property of carbon, and therefore is entitled to special 
consideration in interpreting this patent. Mr. Edison tried 
an experiment; he tried to see how small a piece of 
carbon could be used in a lamp. He was surprised 
to find that the very thin piece with which he 
made the experiment endured as long as it did; but it was a 
short time. Hedid not observe during that brief experi- 
ment that there was any actual blackening of the globe. 
He jumped to the conclusion, therefore, he tells us, that 

there was absolutely no disintegration. He believed that 
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the carbon would stand, he hoped it would endure long 
enough so that it would be a commerciallamp, and that 
was a very natural conclusion for him to come to, for any- 
body to come to, that the better you make the vacuum the 
better the carbon will stand. He had had experience by 
putting thick, heavy carbons under bell glasses on his air 
pump and exhausting the air, and he found that the carbons 
would disintegrate. As you improve your vacuum, 
you take away the consuming gas, and naturally 
the slight residuum left will produce less and less and less 
disintegrating effect upon the carbon. If you could take 
it all away, wouldn’t you expect the carbon to be absolute- 
ly permanent? Now, Mr. Edison was reasoning that way, 
sak be tried this experiment to see how small a carbon he 
could put in there and have it stable. But the fact is, your 
Honor, that it is a matter of degree only ; for in all the 
lamps that have been made from that date down to the 
present time, this process of disintegration is going on. 
Mr. Edison in this patent proposed to go up to one- 
millionth of an atmosphere,thinking that thereby he would 
get better results still. 

There is one patent of Mr. Edison to which I would 
like exceedingly to call attention in this connection, found 
in vol. VI., p. 4,701. This is what is known in com- 
mon parlance as Edison’s low-vacuum lamp patent. He 
starts out with the significant statement that the very 
high vacuum that he has been relying upon to preserve his 
carbon filaments, when sealed up hermetically, was really 
destructive of the carbons, and he gives as a result of his 
experience—this patent, your Honor. was applied for in 
November, 1882—he gives it asa result of his experience 
that with these very high vacua, ‘‘electrical carrying” 
takes place to such an extent as to impair the value of the 
lamp. He goes on to tell us what this electrical carrying 
is, and in- substance explains it to be disintegration or tear- 
ing apart of the particles of the burner and their convey- 
ance over onto the walls of the globe. Iam reading from 
page 91 of the brief. 

As a remedy for this he proposes to make use of a 
low vacuum, instead of a high vacuum, and he sug- 
gests 29 inches of mercury as the best. Now that 
is a vacuum which would be one-thirtieth of an atmos- 
phere, instead of one-millionth of an atmosphere, as 
suggested by the patent in suit. He tells us how he proposes 
to get that very low vacuum. He does not want any 
oxygen there, therefore he proceeds to exhaust the globe 
just as highlv as possible with the best appliances at hand, 
and having done that and got all the oxygen removed 
from the globe, then he lets in an inert gas, and this in- 
creases the pressure insite, reduces the vacuum and brings 
it down to the very low point he names. In other 
words, by that process he returns to the plan 
which Sawyer and Man and other men, prior to 
Mr. Edison’s date, had used, and adopts the very method 
which the patent in suit denounces. As the result of 
a longer and larger and brighter experience of this man, 
he comes back and, without saying it in words, he in sub- 
stance tells us that he was all wrong in his denunciation 
of those earlier lamps, so far as concerns the use of an 
inert gas; that the high vacuum which is the subject of the 
patent in suit, in part, which is lauded at any rate in the 
patent in suit, is, aiter all, an imposition on the public, 
and that the low vacuum is the best thing for the life of 
the Jamp, for economy in operation, and that the best 
way of getting alow vacuum is to do the very thing that 
Sawyer and Man and others, before the date of the patent 
in suit, had been doing. 

As the result, your Honor, of this consideration of the 
prior state of the art, | think that we may fairly conclude 
that Mr. Edison did not invent as the burner of an in- 
candescent Jamp a thing having small cross section com- 
bined with small radiating surface, nor a thing having a 
high resistance combined with small radiating surface. 
He was not the man who originated the conception of 
high total resistance of the burner of an incandescent 
famp which economically affected the question of copper 
or other conducting material in the mains of the 
circuit. 

We believe that Mr. Edison did not create a new art. We 
believe that he did not make a discovery of a new physical 
property in carbon; and if we are right in our contention 
upon these points we shall argue that the only thing re- 
vealed in this patent that was new to Mr. Edison was either 
his mode of preparing the carbon, substituting the substance 
of the burner, leaving it in that condition of high porosity 
that contrasts ic with the old carbons and the art, or else 
it was his mode of shaping that carbon into a spiral form, 
or else it was his mode of attaching that peculiarly con- 
structed thing to the leading-in wires. 

For present purposes I will not linger upon claim 2 of 
Edison’s patent. lf we are right 1m our contention that 
the element of curling is necessarily prez°nt in that claim 
by reason of the explicit language of the ap..iS~arion upon 
which that claim is predicated, then that sat'snws our pur- 
pose, because the burners of the defendant’s lamps are not 
curled or otherwise so as to mass any portion of their 
radiating surface. At another time we shall consider 
whether the word “ filament” in claim 2 does not neces- 
sarily impose limitations that would take the defendant's 
lamp away from the operation of that claim; but that point 
I have at present passed, and we come to consider claim 1. 

‘* An electric lamp for giving light by incandescence, 
consisting of a filament of carbon of high resistance, made 
as described, and secured in metallic wires, as set’forth.” 

That is based upon the statement of invention that 

“The invention further consists in the method of man- 
ufacturing carbon conductors of high resistance so as to 
be suitable for giving light by incandescence, and in the 
manner of securing perfect contact between the metallic 
conductors or leading wires and the carbon conductor.” 

There are three points in that claim that demand 
special attention : The carbon out of which the filament 
is to be made is to be carbon of high resistance; then the 
filament is to be made ‘‘as described;” and third, it is to be 
‘*secured to metallic wires, as set forth.” What is the 
first condition? That the tilament is to be made out of 
carbon of high resistance. The witnesses seem to be 
agreed—I think I can safely make that general statement 
—on both sides that this means high specific resistance. 

We now come to consider the second condition in claim 
1, namely, that the filament of carbon is to be made as 
described. As to that we say, in the first place, that it 
means by the process of carbonization pure and simple, 
without any supplemental process that will induce a 
lowering of resistance, and thus give you a carbon other 

than what was contemplated plainly by the language of 
the specification. There it may be advisable to recur to 


the language of Prof. Barker: 
** The carbon filaments of the patent in suit are made by 


@ process calculated to give to the carbou as high « 
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porosity and as low a density as possible consistent with 
durability.” 

A little turther light should be thrown on this subject, 
and we derive it froa the best source, Mr. Edison’s testi- 
mony in a Canadian suit, where he was called as a witness, 
and was duly sworn, his testimony being introauced there 
in the form of an attidavit. There was a proceeding com- 
menced in the Patent Uffice in Canada for the purpose of 
canceling his Canadian patent on the ground that there 
was a failure to manufacture hisinvention in the Dominion 
in conformity with the laws of Canada, and also that 
there had been importations of the patented ar- 
ticle from the Unised States beyond the line 
allowed by the _— statues. Mr. Edison, in order 
to protect his Canadian patent. gave testimony. He went 
on to describe what his process of carbonization is and 
what it always had been from the very beginning: and he 
distinguishes between his method of carvonization, even 
for the purpose of producing the burners of incandescent 
lamps, and the processes practiced by other people tor that 
purpose, He says, quoting from volume 4, page 2,622: 
“She carbon of the filaments of my lamps is the pure 
vegetable carbon made by the carbonization of plain 
bamboo and without the addition by deposit of any mineral 
carbon. : 

** My lamp factory in Harrison, N. J.. I believe to be the 
only factory making a carbon of this character, and I con- 
sider the success and reputation of my lamp from a com- 
mercial point of view tu be largely dependent on the fact 
that lL use such a carbon. Other manufacturers of incan- 
descent electric lamps find it necessary to build up their car- 
bons and cure their defects by depositing upon them a layer 
of mineral carbon obtained by dipping the carbons when m 
the conditions that they are in when received from the fur- 
nace ip a hydro-carbon hquid, and then while they are 
immersed in the hydro-carbon liquid passing an electric 
current through them, which decomposes the hy dro-carbon 
aud deposits u layer of mineral carbon upon the filaments.” 

Phere is another cond ition in claim 1, namely, that the 
thing named in the claim, the filament, is to be secured to 
metallic wires, as set forth, Whatis the signification of 
that’ A natural answer to the question, one which first 
occurs to the mind, 1s that found by reference to the lan- 
guage of the specification, column 2, page 1, lne 97. 
After having described the construction of a burner out of 
tar-putty by mixing the ingredients and rolling them imto 
wire form and eurling thein into a close spiral-- and itis in 
that connection that the word filament first occurs—-the 
patent says: 

* All these. forms are fragile and cannot be clamped to 
the leading wires with sufticient force to insure good con- 
tact and prevent heating. I have discovered that if plat- 
inum wires are used and the plastic lampblack and tar 
material be molded around it in the act of carbonization 
there 1s an intimate union by combination and by 
pressure betweenthe carbon and platina, and nearly per- 
fect contact is obtained without the necessity of clamps; 
hence the burner and the leading wires are connected to 
the carbon ready to be placed in the vacuum bulb. 

**When fibrous material is used the plastic lampblack and 
tir are used to secure it tu the platina before carbonizing.” 

Thus we have the declaration of this patent that thus 
curious thing calied a liiaament—a thing made out of tar- 
putty rolled out exceedingly fine and then coiled imtoa 
spiral—cannot be secured to the leading-1n wires by the use 
ot the old clamps that otner persons had employed. Pre- 
vious to this in the specification Mr. Edison has referred 
to the use of clamps as an objectionable thing. He now 
says that when he gets this tlament he cannot use the 
clamps with any satisfaction, and he must resort to anotner 

method of securing his filament to the leading in wires, 
and that method is to employ a plastic carbouizable mate- 
rial at the joint and carbonize im siiu. and if he is using 
his tur putty filament be carbonizes that union at the same 
time when he carbonizes the body of the filament. We 
submit, your Honor, that there is no other plausible expla- 
nation ol those words occurring 1n that claim than the one 
that | have now sugyested. 

1 passed, in considering infringement, a consideration of 

the significance of the word filament. Il only consiuered 
the question of infringement of that claim so far as relates 
to the coiling of the thing called a tilament. I pow come 
to consider, though «t must do it somewhat hurriedly, 
whether there is any hidden meaning in the word filament 
which is ot service to the defendant. I say frankly to the 
court that [do not know to-day what the word tilament 
means. We think, however, that the plaintiff is commit 
ted to certain limitations in regard to it. We think that 
Mr. Edison has so hedged that word around that it cannot 
mean Certain things; and it is upon that ground that we 
stand when we come bere and suy that for such and such 
reasons we have not the thing called a filament; and we 
say among other things we have not got the filament of 
the patent because we have not got a burner which has a 
total resistance when in action ot 100 ohms—except in one 
of our lamps; in the other two we have not — and if that con- 
dition of 100 ohms total resistance is imposed upon this 
burner by the use of the word * tilament,” then we are tor 
Luat reason outside of the second claim so far as regards 
two of our lamps. ‘here are other limitations, as I said, 
which | think must necessarily attach to the use of the 
word filament, and which I will consider in due order as 
time may permit. Before discussing the question whether 
the term implies 100 ohms resistance hot, permit me to 
turn aside to consider two suggestions that have come from 
the counsel for the plaintiff in his opening argument. 
| understand one argument to be made to the couri 
.o this effect: that it is fair to assume that fila- 
ment in this patent is not limited to 100 ohms re- 
sistance hot as a minimum, because that would be 
inconsistent with the model filed in the Patent Office; that 
the teaching of that model is that the resistance was not 
intended to be 1000hms. Was it? Has anybody measured 
the resistance of the Patent Ottice model? No, It is a 
dummy model, the testimony shows. It has not any 
carbon in it at all, and never had. I[t has something coiled 
up, but is a prece of uncarbouized thread blackened over; 
and po attempt naturally was made to measure its resist- 
ance; it would have taught nothing. But, says Mr. Howell, 
‘if you will go to work and make a lamp with tar-putty, 
and make it with my measurement and make it with my 
composition, I can produce a lamp that will look a good deal 
like that thing in the Patent Office and that will not have 
a resistance hot of more than 45 ohms,” I don’t recollect 
whether it was 45 or 65 or possibly 40. 

1 do not think that the next argument presented by 
Brother Dyer is worthy of more consideration than that. 
He says, and prays the court almost, not to construe his 
limitation of 100 ohms into this claim because, forsooth, if 
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you do you cannot prevent the Westinghouse company 
from going on with some of their low total 1:esistauce 
lamps; youcannot stop them; you cannot kill the industry; 
you cannot put out your hand and destroy the capital that 
has been mvested here if you put sucn an interpretation 
upon this patent. With what grace does an argument like 
that come trom these gentiemen who stood by for 
five long years with their hands in ther pockets 
looking idly on and_ seeing this great industry 
grow to its gigantic proportions; sending out circulars 
saying, ‘We own so many patents”—enumerating them 
one after the other, and warning the world not to infringe 
any of those patents; notsaying, ‘“That patent is infringed 
by that lamp, and we will] hold you to a strict accountabil- 
ity;” offering to-day as an excuse for that delay, what? 
This: Mr. Eaton, who was president of the Edison com- 
pany through the years of 1881, 1882, 18°3 and 1884, says 
they knew of the work that was being done by the United 
States Electric Light Company, but Mr. Edison was too 
busy in his laboratory to justify their calling him away 
in order to make him a witness or in order that he might 
give attention to the litigation. He says that they did not 
think that the werk the United States company was doing 
had reached sufficient magnitude to justify them in 
spending any time in litigation, and therefore he 
thonght tl ey had better wait, and the company came to 
the conclusion that they had better wait until that business 
should have grown to such proportions that it would be 
an injury to the Edison Company, and then they would 
bring a suit under this or some other of their patents; and 
they wai ted for five years, and early in that five years the 
United States company was taking contract after contract 
away from the Edison company; and in this record there is 
a protest filed, 1f I recollect right, over the name of Major 
Eaton himself as the president of the company, with the 
Secretary of the Treasury of the United States, urging 
that no more contracts in the post-offices and custom 
houses be given to the United States company until 
another contract, namely. for the post-office in Chicago, 
should have been given to the Edison company. ‘* Already,” 
says the letter, ‘* you have given a contract in Phila- 
deiphia, in the post-oftice, to the United States company. 
We have got only one contract, in Boston. We want an- 
other, in Chicago. Itis true the United States company 
have underbid us for the Chicago enterprise, but we are 
willing to come down to their figures and we think we can 
furnish better lamps. Now it is but equity and justice,” 
the letter goes on to say, ‘‘ that we should have ws many 
contracts as the United States company.” Not doing them 
any harm? On January 1, 1852. the record shows, the 
Edison company had sold 34,000 lamps only. March 3°. 
1882, it appears that the United States company had 
sold 36,000 lamps. Early in the career of the com- 
panies the United States company took the contract away 
from the Edison company for this building, and tuok the 
contracts on these show plants down here on the river, the 
ferry boats; took from them the contract for lighting the 
capitol at Albany, and other of the important advertising 
places in the country; conspicuous contracts were taken 
away from this company, which all that time never hfted 
its finger to bring suit against us; but they come in to-day 
after having waited all those years, and say ‘‘ Your Honor, 
don’t impose upon this patent the interpretation that the 
burner is limited to 100 ohms resistance, because if you do, 
with the methods of distributing currents that are known 
at the present day, although they were not known then, 
the Westinghouse company cannot be s.vopped.” 

Does *‘filament” mean a burner whose resistance hot is 
100 ohms? That, I agree in the Orst place, is the lowest re- 
sistance spoken of in this patent. Secondly, it is abun- 
dantly established by the testimony of Shallenberger, Cross 
and ‘‘homson that with any method of electrical distribu- 
tion that was known in the arts at the date of this patent 
you could not effect practical distribution on the central sta- 
tion plan—that 1s, large numbers in multiple arc—unless you 
had a resistance at least as high as 100 chms hot. Methods 
have come intu vogue since then whereby it can be accom- 
plished, but those methods were not known to the art at that 
date, and this specification must be interpreted now with 
reference to the things that were then known. But a bet- 
ter argument than that in favor of this limitation is the lan- 
guage of Mr.Edison bimseif. We have quoted into our brief 
trom various of his utterances, patents, testimony, ete. I 
shall not take the time of the court to read them all. In the 
McKeesport suit Mr. Edison was examined as a witness ; 
or rather, this was in the interference that he had with 
Sawyer and Man, the testimony being put inio the Mc- 
Keesport record, and being imported into this. Referring 
to the time of his experiments which led to the invention 
by him of the paper carbon burner, he says : 

‘* What we desired at that date, and had concluded as 
the only possible solution of the subdivision of the electric 
hight, was that the lamp must have a high resistance and 
small radiating surface. so as to be capable of being worked 
in multiple arc commercially, and our calculations showed 
us that the lamps must have at least 100 ohms resistance 
to compete successfully with gas; otherwise, if the lamps 
were of low resistance, the cost of the main conductors 
would be so great as to render the system uncommercial.” 

For that reason we conclude, your Honor, that the term 
filament was understood by Mr. Edison to mean a thing 
having a resistance hot of not less than 100 ohms. What else 
it may have meant is a mystery to us. What his full defi- 
nition of the word was we do not know; we have not re- 
ceived any lights from the experts for the plaintiff, nor 
from the brief that has been filed, nor so far from the ar- 
gument that has been made by plaintiff's counsel, It 
leaves us in that predicament because the term was new 
in theart. It never appeared in the art of electric lighting 
until it was embodied by Mr, Edison in this piece of writ- 
ing; and under every obligation which the law imposes 
upon an inventor when he seeks the wide protection 
that the statute gives him he was bound to define 
that term with exactness, so that any person undertaking 
to make the thing which he now for the first time calls fila- 
ment should know how long to make it, how small to make 
it, what specitic resistance or what total resistance to give it, 
so that people who did not want to make that thing but 
something else should know what territory was occupied 
by another in order that they might keep on the public 
land. He has not doneso. I refer to that now because 
that is one of the quarrels that we have with this patent. 

We say that he did not come up to the requirement that 
the law imposes, and he has given us a document here 
which is uncertain, vague and indefinite, and we do not 
know how to act in relation to it. We do not know, 
when we want to construct a thing, how to go to work 
except to follow may the indications of the patent 
and use the tar-putty, coil it and use a certain diameter 
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and a certain length; and if we wanted to depart from 
that we should not know whether we were getting the 
thing which Mr. Edison styled a filament or not. Left in 
that condition of uncertainty we have to do the best that 
we can tofind out whether there are or are not some limita- 
tions tobe imposed upon it; and we have presented one 

Another limitation whicn we say attaches to the language 
of the patent is that a filament must be a thing so fragile 
thaf, you cannot use a clamp to confine it to the leading-in 
wifes. Mr, Edison does not empioy the term filament in 
the patent until he comes down to describe his tar-putty 
construction, and he says these are all so fragile that you 
cannot clamp them to the leading-in wire, and_ theretcre 
he resorts to another mode of union. That would seem to 
be another limitation. 

I pass now, your Honor, to consider the bearing upon 
the interpretation of the patent in the suit of an appuica- 
tion that was filed by Mr. Edison in the Patent Oftice a 
little later than the issue of the patent. It seems to us 
that it has a very important relation to the interpretation 
of this patent. While the application for the patent in 
suit was pending, namely, on the 11th of December, 1879, 
Mr. Edison filed in the Patent Office an application, known 
as the paper-carbon application, in which he described a 
burner cut out of paper, and he sought to secure a patent 
on it. He was thrown into interference with Sawyer and 
Man in relation to that, and a long controversy followed, 
and Sawyer and Man obtained as the result of 
that protracted controversy the patent that was put 
in suit before his Honor Judge Bradley at Pittsburgh 
in the McKeesport suit. After that interference was de- 
clared, some time subsequent to the date of the patent in 
suit. to wit. on the 15th of December, 1880, Mr. Edison 
divided off from that paper-carbon application a portion, 
being that which he said was not involved in the interfer- 
ence with Sawyer and Man, and on that he tiled a new ap- 
plication relating back of course to the date of the first 
application, December '], 1879. It is to that divisional 
application which | desire to direct your attention. ‘lhe 
application is sull pending in the Patent Office, having 
undergone various modifications. It came to our 
belief, from various rumors that have been current 
in relation to it through many years past, that there 
was matter in that application closely allied to the 
matter contained in the patent suit; that claims were as- 
serted in that application that were cvuextensive with the 
claims «f the patent in suit under the interpretation that 
the plaintiff is undertaking to impose upon that claim. On 
that condition of things we calied upon the plaintiff to fur- 
nish us with copies ot that application. The matter was 
taken under advisement, and .hey courteously but tirmly 
said upon the record, *‘ No.” We applied to the court for 
an oruer compelling the plaintiff to give us permission 
to obtain from the Patent Ofttice a certified copy of 
the application. It seemed to his honor Judge 
Lacombe that it was an unprecedented step and 
he declined to grant the order because, among other 
things, there were other methods by waich he thought we 
might obtain that result if we were entitled to those papers 
at all. He denied our request without prejudice to our 
right to renew it. After that we applied to the Commis- 
sioner of Patents fora copy of the papers. He said no. 
We proceeded by an application to the Supreme Court 
of the District of Columopia for a writ of mandamus to com- 


. pel the Commissioner of Patents to give us the papers. 


The court said no. We returned to Judge Lacombe, and 
Judge Lacombe, on hearing the evidence and hearing pro- 
tracved argument, said to the plaintiff, ‘‘ You must pro- 
duce the retained copies of those papers.” The _ pro- 
duction was then etfected im this way. Mr. Dyer, in whose 
custody they were held, brought them in before the exam- 
iner and handed them to the president of the Edison com- 
pany, and he handed them to Mr. Lowrey, and then they 
said, ‘** They are produced, but you shali not see them.” 
Then we had a fight as to whether we should see them or 
not, and we had a protracted argument and submitted 
briefs, and at last tne judge said, ‘*You must show those 
papers,” and they were shown aud put in evidence. There 
was very good reason for withholding the papers. Evi- 
dently the plaintiffs did not want usto see them. They, 1 
mean, had a good reason for doing it. ‘Lhey felt that that 
was a critical point in the case, that it might be the key 
position, and they fought it fora whole year with all the 
vigor of the able counsel employed to aidthe Edison com- 
pany. Now when we come to examine the specification 
that was filed in the Patent Office on that divisional appli- 
cation in December, 188U, we find itsetting forth in the tirst 
place as the object of the invention the production of a 
jamp of such a character that *‘a great number of lamps” 
may be fed by current "from one source located at what 
they termed a central station.” It sets forth that carbon is 
universally recognized as the preferable material for an 
meandescent lamp. It sets forth that prior to Mr. Edison’s 
work it had been customary to treat carbon for such use 
in order to lessen its resistance, using this expression: 

** In fact the practice universally has been to reduce the 
natural resistance of the carbon, bringing it to a relatively 
very low point.” 

Note the language: *‘‘To reduce the natural resistance.” 
The patent ia suit did not use the word ‘‘natural,” but said 
simply ‘to reduce the resistance”; but here the expression 
is ‘‘toreduce the natural resistance,’ which meaus the 
specific resistance. The patent goes on to describe the 
great advantage of high vacuum and says you can secure 
that advantage by the use of a globe made entirely of 
glass, with the platinum wires sealed into the glass by 
fusion. It then sets forth the necessity of making the car- 
bon burners of very small cross section, and says that 
paper is a very desirable material, and tells how to manip- 
ulate the paper by putting it under strain and pressure. 
The claims that he made were as follows: 

‘First. An incandescent conductor for an electric lamp, 
consisting of a filament of carbon of relatively high resist- 
ance, substantially as hereinbefore set forth. 

‘Second. An incandescing conductor for an electric lamp, 
consisting of a filament of tlexible carbon, substantially as 
hereinbefore set forth, 

‘Third, An incandescing conductor for an electric lamp, 
consisting of a filament of relatively high temperature and 
tlexible carbon, substantially as hereinbefore set forth.” 

I have emphasized the word ‘* tlexible” because, while 
that condition 1s here specified, yet it 1s the testimony of 
plaintiti’s witnesses that whenever you make a tilament of 
carbon under the patent in suit it 1s flexible as a matter 
of necessity. They read the work flexible into the patent 
in suit, It was not necessary on their theory tu employ 
the word here, In that respect there is no distinction to 
be made between the two cases, 

The fourth claim is; 
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**Fourth. An electric Jamp for giving light by incan- 
descence, consisting of a filament of high resistance and 
flexible carbon, hermetically sealed within an inclosing 
globe made entirely of glass, substantially as hereinbefore 
set forth.” 

The Patent Office rejected the application upon the 
ground that the claims are not found tu present anything 
patentable in view of the patent to applicant of Jan. 27, 
1880. That is the patent in suit. They did not take the 
rejection graciously, but said in answer: 

** The claims presented in this case cover matters of sub- 
stance, tte vital improvements and advances in the art 
which have been mace, or have at least been prominent 
factors in making Mr. Edison’s system the success it is. 
His inventorship in the premises has not been disputed, 
and he is entitled to protection therefor. 

** Under the late rulings of the Supreme Court Mr. 
Edison cannot obtain valid protection therefor by the re- 
issue of his patent 223,898. 

‘* The invention covered by that patent, viz., a certain 
incandescent electric lamp, dves not form the essential 
features of the invention, such as is now specifically 
claimed. 

**Under the practice of the oftice, following the decisions 
of the court, we are entitled toa separate patent for the 
matters of invention not claimed ina prior patent, even 
though sch matters might be suggested by or inferred 
from the prior patent.” 

Later on Mr. Edison amended his application by intro- 
ducing a parayraph relating to the mode of exhausting his 
lamp globe, and also descriving for the first time the appli- 
cation of electrical heating on the pump. Some new 
claims were substituted fur the old ones. In January, 1883, 
Mr. Dyer became attorney for the application and filed an 
_entirely new specification and a new set of claims. In that 
specification he says, among other things, putting these 
words in Mr. Edison’s mouth: 

‘*In my patent, 223,593, is described one method of 
carrying out the principal parts of this invention, which 
method is herein”--I think that should be therein—‘‘claimed; 
but the invention herein is anterior to the specific means 
of the said patent, and consists broadly in constructing an 
incandescing electric lamp with a hermetically sealed 
chamber entirely of glass inclosing an incandescing con- 
ductor of carbon and maintaining the conditions, whether 
of vacua or of an inert gas, existing within the inclosing 
chamber at the time of sealing.” 

That is precisely the scope which they now seek to im- 
pose upon the present patent. At that time, in January, 
1883, Mr. Dyer supposed that the patent in suit was a nar- 
row patent, limited tothe specific means that are therein 
described, and that he was entitled to obtain for the Edison 
company this broad claim in the pending application, and 
the aciual claim that was formulated by Mr. Dyer at that 
time was in these words: 

* 1. An electric lamp giving light by incandescence, 
consisting ot a hermetically sealed chamber entirely of 
glass and a carbon conductor inclosed by the same, sub- 
stantially as set forth. 

2. An electric lamp giving light by incandescence. 
consisting of an hermetically sealed glass inclosing cham- 
ber and an incandescivg conductor inclosed by the same, 
composed of a flexible carbon filament, substantially as set 
forth.” 

A few words now with reference to the only remaining 
point bearing directly on the main question wnvolved—the 
merits—and then [shall withthe greatest of pleasure yield 
lo my associates. 

Our contention in regard to the patent brought here for 
adjudication is that it does not meet the stern requirements 
of the patent law. Mr. Edison did not in this patent de- 
scribe the invention tnat he had made in such full, clear, 
exact and cuncise terms as wuvuld enable a person skilled 
in the art to make, use and construct and manufacture the 
same; nur did he describe the best mode in which he had 
contemplated applying the principle characterizing his in- 
vention; nor did he particularly pomt out and distinctly 
claim, as required by section 4,888 of the revised statutes, 
the things which he claimed to be his invention or dis- 
covery. I, of course, need not refer in extenso to what 
we hold with regard to the utter indefiniteness of the term 
**tilamenv” which seems to be the pivot around which the 
whole patent revolves. It wasa term new to the art, as 
everybody concedes, and we think there is absolutely no 
detinition of the term in the patent, and complainant's ex- 
perts have shown themselves to be utterly incompetent to 
define 1t. 

Passing from this point. I come to consider for a moment 
the meauing of the word ‘* carbonization” in this patent ; 
and I ask especial atteation to it, because the patent has 
not undertaken to specify what that term signifies, and 
the testimony woulda go to show that in Mr. Edison’s mind 
the term at the date when he took out this patent signified 
something not known to the art. 

Therefore we come down to this point: We say that 
upon the testimony of Prof. |Lhompson, upon the experi- 
ments made by Mr. Howell for the plaintitf, 1t stands here 
practically confessed by the Edison company that it is im- 
possible under this patent to make the thing which is 
described without resuruing to practices not known to the 
art at the uate when the patent issued. 

Now I think, if I may be pardoned a word or two fur- 
ther, that not only does this pending application and its 
history throw a bnght light upon the proper interpretation 
to be put upon this patent, butit throws a strong side hght 
upon the laches of the plaintitf in bringing suit under pat- 
ent 223,898. I a litle while ago referred to the competi- 
tion that was going on between the United States company 
and the Edison company from the very begiuning alinost 
of 1880 down to May, 1885, when this suit was filed. They 
looked on and said nothing. They commenced no pro- 
ceeding. Major Eaton says the reason was that we were 
not dving them enough harm. Now that is. sim- 
ply childish. It does not commend itself to 
ny conception of what is reasonable, The explanation of 
that delay, your Honor, is to be found right here in the 
history of that pendinz application. The Euison company 
did nut believe during those years that this patent now 
before the court was the fundamental patent which they 
at present assert it to be. They went to the Patent Office 
and were there contesting, with all the vigor that they 
could bring tv bear upon the question, their right to secure 
a broad claim coextensive with what they now declare 
to be the meaning of this patent 228,898. They said they 
had not got such claims in that patent; they said it was a 
limited ‘patent; they said furthermore that it did 
not cover the invention that was nrade by Mr. Edison; 
and they said that it could not be reissued; ard be- 
gause they had not covered the invention made by Edison 
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in that patent, and because they could not reissue the p at 
ent, even though his broad inveution, according to their 
contention, was de-cribed therein, they suid they had a 
right to take another patent, and that is what they are 
seeking to do; and it would be a stultification, in regard to 
that position during that controversy, to have come to this 
court, or any other court with patent 223,¢98, and said 
‘* That is a broad and fundamental patent.” They did not 
bring suit under this patent. your Honor, until that ap- 
plication in the Patent Office had drifted into that 
position where they felt powerless to secure what 
originally they asserted under it to he their 
rights. When they found themselves in that position—when 
they found themselves unable to do anything more than 
merely keep the breath of life in it and the record shows 
that at that point they stopped for almost a whole year 
without lifting a finger in regard to it ; that was because it 
seemed to them a hopeless case—when the application hed 
drifted into that position, and they found themselves un- 
able to cope with the arguments that were presented 
against the application, then they said ‘* We have nothing 
to lose by taking our chauces on the patent 223,898.” That 
is the explanation, and the only explanation,ot the delay to 
bring this suit against this company under the patent now 
presented to the court. 
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The National Electric Light Association. 





The Executive Committee and the Committee on Ex- 
hibits of the National Electric Light Association met at 
the Windsor hotel in Montreal on the 8th inst. to arrange 
the details of the coming convention and exhibition to be 
held in that city in September next. These committees re- 
ceived a most enthusiastic and cordial welcome from the 
mayor and representatives of the common council, and also 
from a deputation from the Citizens’ Committee organized 
in Montreal for the purpose of carrying out the plans for 
the reception and entertainment of the association during 
the convention. The mayor and Alderman Stevenson rep- 
resented the city government, and ex-Mayor Beaugrand 
the French Canadian. population. 


The Executive Committee for the reception of the asso- 


ciation was represented by Profs. Bovey and Cox, of 
McGill University, and Mr. John Carroll, of Montreal. 
Prot. Cox, as secretary, read the report of his committee, 
which was as follows: 

MONTREAL, June 8, 1891. 

The committee has held three meetings. A Reception Commit- 
tee is being formed which already includes a large number of the 
inost influential citizens of Montieal. 

His Excellency, the Governor-General, has signified by letter that 
if the visit of the Association takes place in September, he hopes to 
be present, but under any circumstances will be glad to give his 
patronege to the meeting. 

A number of plans for offering entertainment tothe Association 
have been cons'dered, but the final adoption must depend upon the 
date adopted for the visit, and the programme of the Assuciation. 
Among the suggestions already considered by the committee are 
plans for a citizens’ ball, a Jacrosse match, an excursion to the 
Rapids, drives around the mountain, a promenade concert ax 
seme Park, visits to the G. T. R., C. P. R,and Dominion Bridge 

A Press Committee and Ladies’ Committee will be formed, and 
special entertainment provided for the ladies of the association. 

The officers of the Executive Committee, with Mr. John Carrol), 
were instrucied to wait upon the executive of the association on 
June 8, and convey to them acordial welcome to Montreal. 

This report was received, and adopted with suitable ex- 
pressions from Fresident Huntley and the members of the 
Executive Com mitiee, of their deep appreciation of the 
hospitable action of the Citizens’ Committee. The meeting 
then adjourned, and the Executive and Exhibit com- 
mittees held a preliminary meeting for the purpose of or- 
ganization and the discussion of ways and means. ‘The 
Executive Committee fixed definitely upon Sept. 7 as the 
opening day for the convention, the exhibition to be neld 
from Sept. 7 to 16, inclusive. 

The powers of the bxhibit Committee were defined, and 
arranzements made for the prosecution of detail work by 
the Exhibit Committee at their next meeting. 

On the following day the adjourned meeting of the Ex- 
hibit Committee and also the adjourned meeting of the 
Executive Committee were held at the Windsor Hotel. 

At the Exhibit Committee there was a full attendance, 
the following named gentlemen being present: C. R. 
Huntley, president of the association ; F. R. Redpath, of 
the Redpath Kefinery ; Profs. Bovey and Cox, of McGill 
University; M. D. Barr, of the Edison Company in Toronto; 
W. J. Morrison, Ft. Wayne Electric Company ; Fred 
Nicholls, of Toronto Incandescent Electric Light Company ; 
H. H. Fairbanks, of Worcester (Mass.) Electric Light Com- 
pany; E. F. Peck, Citizens’ Electric luminating Company 
of Brooklyn ; J. W. Beane, secretary and treasurer of the 
association ; 8. C. Stevenson, Council of Arts and Mauu- 
factures, Montreal : A. J. Corriveau, Canadian Electrical 
Construction, Manufacturing and Supply Company ; and 
John Carroll, Eugene Phillips Electrical Works, Montreal. 

Among other things it was decided to hold the exhibi- 
tion open each day and evening, during which timeaill the 
appliances are to be in motion, 

itis expected that this exhibition will be the most inter- 
esting, as also the largest, yet held in the interests of elec- 
tricity in America, if anything can be judged trom the en- 
thusiasm shown by the electrical fraternity, and also by 
all the largest electrical companies, who have ‘already ap- 
plied for large spaces. From the applications for space al- 
ready made, it is believed that if the Victoria Skating Rink 
were twice the size it could be well filled. It is proposed, in 
anticipation of there being insutticient space, to erect, on the 
vacant ground adjoining the rink, a large tent which has 
kindly been offered to the committee by Mr. 8. C. Steven- 
son for the purpose. 

A local sub-committee was appointed to co-operate with 
the chairman of the Exhibit Committee, u. I. Gulick, tor 
the different arrangements in connection with the exhi- 
bition, composed of F, R. Redpath, chairman, Prof. Bovey, 
Prot. Cox, Fred Nicholls. S. C. Stevenson, A. J. Corriveau 
and John Carroll. At the Executive Committee’s meeting 
a large amount of important business wus transacted, one 
of the questions discussed being the papers to be read at 
the convention. 

The prospects for a successful meeting of the Association 
and an elaborate display of apparatus are certainly all that 
could be desired. lt is said that several ot the large elec- 
trical companies have applied for a space sufficiently large 
to display to good advantage the goods which they are ue- 
sirous uf placing on the Canadian market. One prominent 
company has, it is asserted, made application for 5,000 
square feet of space, and several other smaller com- 
panies propose to make exhibits proportionately large, 
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Financial Intelligence. 
THE ELECTRICAL STOCK MARKET, 


The Closing Quotations of electric stocks, from F. Z. Ma- 
guire & Co., electrical securities, 18 Wall street, New York, on 
Saturday, June 13, 1891, in New York, Boston and Washington, 
and in Pittsburgh, June 13, wefe: 


Capital- 
Name of Stock. Par. ization. Hid. Ask’d. 
NEW YORK, 
Western Union Telegraph Co............ 100 86,200,000 8046 81 
American Telegraph & Cable . ........ 100 14,000,000 <ice> Se 
Central and South American............ 100 §=5,000,000 3135 142 
ION «64d 5 + eee ats dee paaaede obs bebeun 100 =: 2,000,000 = 200 215 
Commercial Cable Co ...... eiennren swede 100 = 7,716,000 = 105 10616 
Postal Telegraph Cable.................... 100 =. 000,000 30 32 
Edison General Wlectric Co................100 9,508,500 99 162 
- ” Deferred....100 2,496,500 ..., Son 
Consolidated Electric Light .......... ..100 = 1,929,400 .... 
Edison Electric Uluminating Co.......... 100 = 2,567,800 76 
United States Electric Light..... ...... 100 ~—- 1,500,000 Be. . eds 
North American Phonograph....... -«--. UO 6,200,000... cae 
BOSTON, 
Thomson-Houston Electric Co............ 25 6,000,000 425g 43% 
« preferred.. 25 4,000,000 25 suas 
A = Series C..., 10 400,600 too 
es - Series D. .. 10 120,000 7 74 
- International Co...... ie Re... Sisca was 
rhomson Welding Co...... wees see 190 = 1.000,000) .... 
= European Welding Co.......... 100 §=1,000,000 =... 60 
AR RU ee 25 4,000,000 12 124 
Detroit Electrical Works........ wade uate even ee ae 
Westinghouse Electric Co ....... ....... 50 5,000,000 12% 13% 
Telephone: 
BR Tae’ boK a ccces sevdanvs 100 12,500,000 198 200 
* siwet RASC FRO! 6 00 06d SO8R08 100 §=4,800,000 48 48h, 
ee IES 6.4 6, . 4 6 dns 045.0,50%0000000080% 100 10,503,600 50 eves 
ps. eae A er -.. 10 1,280,000 1.25 1.30 
Tropical American .. atunin badseunge. Oe 400,000 90c. ... 
Edison Phonograph Doll...........---.... 10—-1,000,000 Suc. 1.00 
WASHINGTON. 
Pennsylvania Telephone.................. 0 750,000 24 oes 
Chesapeuke & Potomac................... 100 = 2,650,000 62 65 
American Graphophone .................. 10 600,000 5% 7 
United States Electric Light (Washing- 
ES bb oe 1 ae a baad ee ahew ee ta% 100 300,000 155 160 
Eckingten and Soldiers’ Home Electric 
RA AR ee errr. wD 352,000 49%% .... 
Georgetown and Tennallytown .......... 50 200,000 S57 65 


Chicago Quotations.—Col. 8. G. Lynch, broker, 153 Mon- 
roe street, Chicago, furnishes quotations on telephone and electric 
light stocks as follows: 





COINS ais dacbasieres os $230@$240 | Cumberland............ $60@ $62 
Central Union........ 5i@ 55] Wisconsin...... ...... 118@ 120 
ee ere 84@ 85) Bell of Missouri....... . 160@ 165 
Great Southern...... « 3@ 32} lowa Unton........5... 20@ 22 
CON OGI, «<0 vic c's ceecos 31@ 36) Missouri and Kansas.. Me 56 





Rocky Mountain Bell. 40@ 43] 
ELECTRIC LIGHT STOCKS. 


Chicago Are Light and ' Chicago Edison Co.... $145@$150 
7, eee cevees SIOSG@$I04 | 





Mexican Telephone.—It is rumored that the capital stock 
muy be cut down by issuing one share fur 10, per to be made $100, 
and that dividends will be paid. A reduction of the capital stock 
to at least $500,000 would make the stock much more popular than 
it now is with its nominal valuation of $2,000,000. 


Thomeon European Electric Welding.—At the annual 
meeting at Portland, Me., last week, the following named directors 
were chosen: Oliver Ames, Benjamin F. Spinney, George P. Mes- 
erve, S. Endicott Peabody, Henry D. Hyde, Prentiss Cummings, 
Joseph N. Swett, Royal G. Robbins and Francis Peabody, Jr. 


the Bell Telephone Company has declared a regular quar- 
terly dividend of three per cent., and an extra one of six per cent., 
both payable July 15 to stockholders of record June 30. The trans- 
fer books will be closed from July 1 to 15, both daysinclusive. It 
requires nearly $1,350,000 to pay this dividend, and presupposes 
enormous earnings for the year. 


Westinghouse.—The Westinghouse reorganization committee 
offers the stockholders of the Consolidated Electric Light Company, 
subject to the success of the general reorganization, opportunity to 
exchange their stock for 25 per cent. in the Westinghouse 7 per 
cent. preferred stock and 50 per cent. of the Westinghouse com- 
mon “assenting” stock provided for in the plan of reorganization. 
‘lhe Westinghouse Company now leases the Consolidated Comnpany, 
but announces its inability to meet the rental. Over 80,000 shares 
of Westinghouse stock have been deposited under the reorganiza- 
tion plan. 


Thomson-Houston.—In regard to the two bills in equity 
filed in the Lnited States Circuit Court, brought by the Sprague 
Kiectric Railway and Motor Company, and the Edison General 
Electric Company, against the West End Street taiiway, for al- 
leged infringement of patents held and controlled by poth corpora- 
tions, Mr. Robert Clapp, attorney for the Thomson-Houston Elec- 
tric Company, is quoted as saying that the Thomson-Houston Com- 
pany will have to defend the West End Company in this suit. He 
says that the Thomson-Houston Company has made an agreement 
with the West End Company, as it does with other compamies using 
its patents, to defend any suit brought against it for infringement 
for using any apparatus furnished by the Thomson-Houston Com- 
pany. The Tbomson-Houston Directors recently organized, and no 
change from previous years’ officers was made, with the exception 
of the resignation of Director F. P. Fish. He was succeeded by 
Capt. Griffin, who was elected second vice-president. ‘The office of 
third vice-president has not been filled. 

Western Union stockholders will receive the usual quarterly 
dividend of 14 July 15. The books close June 20 and reopen July 2. 
The approximate operations for the quarter ended June 30 are re- 
ported as below: 


Quarter June 30, 1891. 1891. 1890, Decrease. 

Oe SN ere kas doesent ak ee $1,500,000 $1,750,100 $5. uu 
Interest and sinking fund..... ... 242,898 243,143 245 
NE SEP TERE OPO ee TEE e+» $1,257,102 $1,506,857 $249,755 
PIE. 0.o'p dvs emncwaadderxels 1,077,400 1,077,395 a 
ME  cateneacesk | lp waas $179,902 $429,462 249,760 
TOE NI voisven ras ceessdass 11,320,078 10,020,877 "1,307,701 


The Western Union company’s fiscal year ends June 30, The 
approximate report for the year shows Lhus: 


Year 
June 30, 1890-91. 1889-90. Decrease 
Net revenue....... Set eee wee ele $6,556, 134 $7,320,073 $763,639 
Interest and sinking fund..,... .. 971,737 955,0u1 "16,646 
PN  ewciiveris $5,581,697 3$6,364.982 780,285 
SS s wanutinexeceta 4,309,701 4,956,004 646,305 
Surplus....... $1,274,996 $1,408,978 $133,982 


* Increase. 


The telegraph service was about $300,000 larger during the quarter 
than for the same period in 1890, but the damages to the main build- 
ing by fire and the cost of repairias storn damize, as well as de- 
creased rentals for private wires, rentals of buildings, the com- 
merolal news service, etc,, have made a amaller net in both ; 



























































































ee meaner masse: sae-aeecmeneny 


er te oe 





470 


March 31 and June 30 statements. These are the reasons why 
the net March 31 was $173,319 under the estimate. At the 
directors’ meeting last week, President Green stated the num- 
ber of stockholders now was 4,642, an increase of 800 over last 
year. This is the largest number of stockholders the company has 
ever had. He estimates that there are about 170,000 shares in tne 
names of brokers, the balance being in investors’ hands. 











AFFAIRS OF THE COMPANIES. 


The Consolidated Gas and Electric Light Company, of 
Portchester, N. Y., has been sold at foreclosure sale for $25,000. The 
original cost of the plant was over $250,000. 

The Brookline Gas-Light Company, operating the West- 
inghouse system, has declared its regular semi-annual dividend of 
3% per cent. payable July 15 to stockholders of record of June 30. 


The Detroit (Mich.) Electrical Works has purchased 
through E. C. Van Husan 16 acres of land with a frontage of over 
400 feet on the Grand Trunk Railroad, in Detroit. The property will 
be used for a mamm 97th plant to cost $150,000 to $200,000 and to em- 
ploy 1,00 men. 

The Franklin Telegraph Company, of Boston, Mass., at 
its last annual meeting elected the following directorsand officers: 
John Van Horne, Norvin Green, T. T. Eckert, CU. A. Tinker, A. R. 
Brewer, J. F. Greenough,G J. Gould, F. L. Ames and Thomas 
Roche; K. H. Rochester, treasurer; Thomas Roche, clerk. 


The Southern New England Telephone Company at 
its recent annual meeting reported the receipts for ihe year to 
have been $336,467.19 from ail sources. The company paid out 
over $83,000 for rentals and royalties, yet had a revenue balance o 
over $78,000, showing an increase in the income of over $22,000. 
The earnings are still applied to the extension of the plant. ‘The 
new building in Hartford has been built and equipped and an under- 
ground syste. cont tining 39,758 feet of cable established; this work 
has cost over $57,000. The monthly average of subscribers has 
been 5,500. 

The Erie Telegraph and Telephone Company held its 
annual meeting recently and elected the following directors: Abner 
S. Adams, Charles E. Adams, Charles J. Glidden, Francis Jewett, 
James W. C. Pickering, A. C. Russell and Levi Sprague, of Lowell, 
Mass.: Wesley A. Gore, of East Boston; James A. Weston, of 
Manchester, N. H.; Harvey A. Whiting, of Wilton, N. H.; Arthur 
L. Andrews and George W. Steadman, of Albany; Thomas M. 
Bartlett, Henry D. W. Burt, Kdward W. Carritt, Henry C. Dodge, 
William Q. Riddle, Henry P. Sewall, Horace H Smalley, William 
G. Smythe and H. Frederick Stevens, of New York. The directors 
organized by electing Levi Sprague as presicent, Charles J. Glid- 
den secretary and treasurer, and James P. McKinstry general 
manager. The stockholders of the Southwestern Telegraph and 
Telephone Company, one of the Erie’s sub-companies, then met and 
elected the following directors: Charles E, Adams, Charles J. Glid- 
den and Levi Sprague, of Lowell, Mass.; Thomas Sherwin, of Bos- 
ton; Arthur L. Andrews, of Albuny; David B. Parker, Henry P. 
Sewall, Horace H. Smalley and H. F, Stevens, of this city. The 
directors elected Mr. Sprague president and Mr. Glidden secretary 
and treasurer. 








NEW INCORPORATIONS. 


The Willapa Electric Company, of South Bend, Wash., 
has been incorporated, with a capital stock of $100,000. 

The Winters Electric Company, of Chicago, Ill., has been 
incorporated, with a capital of $10,000,to manufacture electrical 
appliances. The incorporators are F. M. Winters, A. F. Raymer, 
A. H. Baldwin. 

The Elwood (Ind.) Electric Light and Power Com- 
pany has been incorporated, with a capital stock of $10,000, to fur- 
nish electric light and power. The directors are Cassius M. Green- 
lee, Volney Q. Irwin, Jacob Loomis and Charles A. Gates. 


The Commercial Construction Company, of Portland, 
Ore., witha capital stock of $30,000, has been incorporated. This 
company will operate an electric hght plant in Portland. J. P. 
Marshall, C. D. McLaine, J. F. Barrett, and J, C. Band are the in- 
corporators. 

The Moravia Electric Light, Heat and Power Com- 
pany has been incorporated at Moravia, N. Y., with a capital of 
$20,000. Among its incorporators are Wm. Selover, E. M. Benton, 
F. C. Reynolds, Wm. J. H. Parker and Wm. Fitts. The above 
named company is ready to receive bids for lighting purposes. 








Special Correspondence. 
NEW YORK NOTES. 


OFFICE OF THE ELECTRICAL WORLD, 
167-177 Times BUILDING, NEW YORK, June 15, 1891. J 





Mr. C. E. Newton, secretary and treasurer of the Jeweil Belt- 
ing Company of Hartford, was in New York this week on a business 


trip. 

Mr. David Chaimers, of the A. B. C. Company, has just re- 
turned from atrip through New York State which has been un- 
usually successful, and reports that there is every prospect for a 
large trade during the balance of the year. 

Mir. Burton, who has had charge of the electrical department 
of the Ansonia Brass and Copper Company in New York, has re- 
signed, and leaves for England in a few days. Mr. EK. T Foote, for 
some years with this company and well known tothe electrical 
fraternity, will succeed him. 

The Jewell Belting Company, of Hartford, Conn, has 
opened offices in New York at rooms 209 and 210, Electrical Ex- 
change Building, with Mr. C. E. Ainsworth in charge. This com- 
pany has just installed the belting for the new Edison shops of the 
Northern Pacific Railroad, Tacoma, Wash, 

Mr. Louts Walsh, in charge of the battery department of the 
A. B.C. Company, reports that orders have been so large for its 
new dry battery that the company is unable at present to meet the 
demand. The new porous cup, just introduced by this company, 
has also been received by the trade with distinct favor. 

The Hall Signal Company ‘eld its annual meeting in Fort 
land, Me., on June l0th. Mr. Wm. P. Hall was again e.ected presi- 
dent, Mr. W. 8S. Gilmore treasurer, and Mr. A. A. Stroat clerk. 
The old board of five directors was also re-elected. The report of 

business during the past year was very satisfactory and the out- 
look for the future exceedingly promising. 

Messrs. Charles A. Schieren & Co., of New York, have 
just shipped to the West End Street Railway, of Lancaster, Pa., 

wo 2 inch double and three lé-inch double perforated belts; to the 
Werre Haute Ind.) Street Railway Company, one 2f-inch double 
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perforated belt; to the Edison Illuminating Company, of Detroit, 
Mich., two 20-inch double, perforated electric belts. 


The McCreary Electrical Specialty Company, of 136 
Liberty street, New York, has arranged with the Pettingell-An- 
drews Company, the Holtzer-Cabot Electric Company and the 
Thomson-Houston Klectric Company to handle exclusively their 
well-known specialties throughout the New England States. The 
above houses will have a co:aplete stock at the lowest prices. 


A Smoking Concert will be given at the Electric Club, Thurs- 
day evening, June.18, at eight o’clock. This is the first entertain- 
ment of the kind attempted by the club, and it is believed that the 
occasion can be made avery enjoyable one. Members will con- 
tribute to the programme, which will include several original and 
novel productions. A business meeting of the club will be held 
after the smoking concert. 


Columbia College Degree of E. E.-—The first class to re- 
ceive the degree of electrical engineer graduated at the commence- 
ment, June 10. The students to receive the degree were: Gano S. 
Dunn, B. S.; Wm. H. Freedman, C. E.; Arthur S. Ives, C. E.; 
Joseph T. Monell, C. E., and Robert B. Owens. These were post- 
graduate students, all having received a thorough collegiate edu- 
cation and then a two years’ course entirely devoted to electrical 
engineering work, The plan has been found to give most excel- 
lent results. 


Mr. W. J. Morrison, general agent of the Ft. Wayne Electric 
Company, has just sold to the Ogdensburg (N. Y.) Gas Light Com- 
pany a 750 light Slattery machine; he also sold a 120 Wood arc 
light machine within the past few days. Mr. Morrison was one of 
the committee of the National Electric Light Ass ciation who 
visited Montreal last week for the purpose of arranging for the 
coming convention. He is very enthusiastic over the reception re- 
ceived by the delegates and says it will be the greatest convention 
ever held since the organization of the association. 


Lighting and Ventilating the Tunnel.—tThe State Rail- 
road Commissioners have received from the Edison Electric Dlumi- 
nating Company a long letter on the subject of illuminating and 
ventilating the New York Central Fourth avenue tunnel, in which, 
after stating in detail the difficulties of the task, and declaring that 
the number aid weight of trains passing through the tunnel were 
greater than in any other tunnel in the world, the company said: 
“The use of electric current for the purpose of actuating 
ventilating fans along the line of the tunnel will reduce 
the difficulties of this problem toa minimum. Fans actuated by 
electric current can be placed at varying distances from each other 
and in any position that may be rendered necessary or convenient 
for the purpose of connecting with ducts of varying size, according 
to the necessities of construction and the amount of space available 
at different points. Electric power from the Edison low-tension 
system can be supplied from the same lines used to furnish current 
for the lamps required to light the tunnel. By the use of 
low-tension electric motors in connection with electric light under 
the Kdison system, the difficulties of the problem under considera- 
tion will be reduced to the minimum. We shall be glad, if afforded 
the opportunity, to furnish the necessary plans and specifications 
for yuur consideration.” L. H. H. 
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Room 8, Cook Building, cor. Franklin and Congress Sts., 
Boston, Mass., June 13, 1891. 
The Thomson-Houston Motor Company has, it is 
claimed, 1,200 motors ordered ahead of its deliveries. 


The Atiantic Covering Company, of Plymouth, Mass., 
is very busy. The factory is being run to its full capacity. 


The Gloucester (Miass.) Electric Company has just pur- 
chasec 20,000 feet of land, on which the buildings will be erected. 


Quincy, Mass.—The Thomson-Houston system will be adopted 
for the Electric Freight Railroad. This road will be principally 
used for the transportation of granite. 


The Haverhill (Mass.) Electrie Light Company is to 
erect an entirely new plant, which the managers believe will sup- 
ply the electric needs of Haverbill for ten years to come. 


The Thomson-Houston Electric Company now employs 
at the Lynn, Mass., works 2,550 men and women, and it is expected 
that many more will be taken on the pay roll within a short time. 


The Russell Electric Manufacturing Company, of 
Providence, R. I., is receiving some large orders for the celebrated 
**Russell” mast arm, and is increasing its facilities to meet the 
demand. 


Mr. Pettingell, of the Pettingell-Andrews Company, has just 
returned from an extended European trip very much improved in 
health and greatly enlightened by what he saw abroad electrically 
and otherwise. 


The Jenney Electric Motor Company, of Indianapolis, Ind 
has issued a pamphlet descriptive of the excellent motors manu- 
factured by this company. The pamphlet also contains a price list 
of the company’s apparatus. 


Mr. Elliott 0. Johnson, well known to the trade in New 
England and New York, will be united in matrimony to Miss 
Alice Bartlett Clough, on Wednesday, June 24, at st. Stephen’s 
Memorial Church, Lynn, Mass. 


The National Electric Company’s anti-induction wire is 
being adopted by the fire alarm and police telegraph systems of this 
city after a thorough test by Superintendent Flanders. This action 
isa signal of the success in store for the National Electric Com- 
pany. 

Mr. J. Heilborn, president of the Beacon Vacuum Pump and 
Electric Company, sails the 18th inst. for Europe. Mr. Heilborn 
expects to visit places of interest in England, Germany and France 
and be absent several weeks. His many friends wish him bon 
voyage and a safe return. 


Whe Electrical Specialty Company, of Pawtucket, R.I, 
has been incorporated for the purpose of manufacturing and. sell- 
ing electrical specialties. Mr. A. D. Ross is treasurer of the com- 
pany, Mr. K. B. Crocker, president, and Fred H. Angell, traveling 
salesman. It goes without saying that their success is assured from 
the start. 

Salem, Mia*s.—Ata meeting of the Essex Electric Railroad 
Company recently, F. W. Standley resigned as a director, and Mr. 
YQ. KE. Norcross was elected to fill the vacancy, and was subse- 
quently elected president in place of Mr. King Upton, who has been 
president since the organization of the company, J. H. Fallen re- 
signed as treasurer and F. E. Farnham was elected to the position. 
It is said that Mr. Norcross has purchased a controlling interest in 
the road and will operate it. 
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Worcester, Mass.—Negotiations have been begun by the Wor- 
cester Electric Light Company and the Street Railway Company 
for supplying power by the former company for the new street car 
line to the lake. If an agreement is arrived at the Electric Light 
Company wili put in a new 500’ h. p. engine at its works. Prepara- 
tions are now being made to put in two new 50 arc light dynamos. 
This has been rendered necessary by the contract with the city, 
which calls for a number of new lights. 


Messrs. J. E. Wilson & Co., of No. 8 Oliver street, Boston, 
report the sale of the following Rollins engines of Nashua, N. H.: 
Concord Street Railway Company, one 250 h. p. engine; J. E, 
Phillips, Carlisle, one 150 h. p. engine ; Portsmouth Brewing Com- 
pany, Portsmouth, N. H., one 60 h. p. engine; James Means & Son, 
Brocton, Mass , one 60 h. p. engine; Wacole & Co., Putney, Vt., one 
60 h. p. engine; Whitman & Keith, Campbells, Mass., one 90h. p. 
engine; Pickering Knitting Company, Lowell, Mass.. one 90h. p. 
engine; Gay Brothers, Cavendish, Vt., one 90h. p. engine, and 
J. E. Mann, East Weymouth, Mass., one 90 b. p. engine, and havea 
bumber of other contracts pending, the most of which are for elec- 
trical purposes. This would indicate an improved condition of 
trade generally through New England. 


Rockport, Mass., isin a turmoil over a petition by the Glou- 
cester (Mass.) Street Railway Company for the location of an elec- 
tric line in that village and the objection of the Commercial! 
Cable Company to granting the same. The location asked for ex- 
tends from a point in Gloucester, near Bass Rock. over Brier Neck 
to Land’s End, past the famous summer resort, Turk’s Head Inn, 
and down Court street, in this village. to Dock Square. Part of the 
way the line would be parallel with the Mackay-Bennett cable, 
which runs from Rockport to the station, on the Island of Canso, 
and would also pass near the cable compuny’s terminal station at 
Rockport. The cable company claims that the presence of an elec 
tric current 600 times as powerful as that passing through the 
cable would seriously affect the workings of the delicate cable in- 
struments, Superintendent Herne, of the latter company, says that 
in case the road were put in the cable company would have to go. 

o. A.B. 
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465 THE ROOKERY, CHICAGO, June 20, 1891. 
Mr. J. MI. Jactison, of the Western Electric Company, 
Chicago, has left for New York en route to Europe, where he will 
spend several months. 


Mr. Herbert Wadsworth, of Chicago, manager of the Ex 
celsior Electric Company, has sold a 100 light arc plant, complete, to 
the Minneapolis Street Railway Company. 


The Western Electric Company, of Chicago, IIl., has made 
application for 10,000 square feet of space in the Electricity Build- 
ing at the World’s Fair. The Bell Telephone exhibit will probably 
adjoin this. 

“ir. W. HW. Marding, manager of the Central Electric Light 
Company, of Chicago, has gone east on a combined business and re- 
creation trip, during which he will probably arrange for a consider- 
able quantity of underground cable. 

‘Mur. W. T. Bonner, well known among the steam and 
electrical people in the West, has entered the service of Fraser 
& Chalmers, with headquarters in Chicago, and will have charge of 
the department of electrical installations. 


Mr. F. H. Weir, the Chicago representative of the Falls 
Rivet and Machine Company, Cuyahoga Falls, Ohio, has secured 
the contract for the clutches, line shafting and pulleys in the 
Masonic Temple electric light plant in Chicago. 


Chicago Visitors.— Among the out-of-town visitors in Chicago 
this week are Thomas D. Lockwood, of the American Bell Telephone 
Company, Boston; 8. A. Barton, president of the Brush Electric 
Company, Cleveland; D. R. Russell, Parker-Russell Mining and 
Manufacturing Company, St. Louis, and Chief Engineer Du Bois, 
of the [aterior Con iuit & [Insulation Company, Now York. 


A World’s Fair Medal.—Messrs. J. J. Ryan & Co., of 1 
West Monroe street, Chicago, are sending out with their compli- 
ments some handsome specimens of their work in the form of 
medals which can be utilized as paper weights, sleeve buttons or 
even street car wheels. The face of one bears an excellent like- 
ness of Christopher Columbus and the other that of Queen Isabella, 


‘Kransferred to a ‘Trust Company.—The Brush Electric 
Company, of Cleveland, O., has quitclaimed its entire plant to the 
Old Colony Trust Company for the nominal consideration of $1. 
The transfer was made to secure a series of first mortgage bonds for 
$500,000, which were issued to indemnify the minority stockhulders, 
who were not satisfied by the receut transaction through which the 
corporation was absorbed by the Thomson-Houston Electric Com- 
pany. 

out of Town Visitors.—Among the visitors to Chicago 
during the week are Mr. Geo. F. Card, of the Fort Wayne 
Electric Company, Fort Wayne, Ind.; Clarence A. Ross, the 
Kansas City representative of the Thomson-Houston Electric 
Company; Frank H. Putney, manager of the Waukesha (Wis. 
Electric Light Company; Messrs, Pfatischer and Register of the 
Accumulator Company, New York; and Prof. W. G. Oldfield, of 
the Newton (Kan.) Electric Light Company. 


Electric Carbon Trust.—A St. Louis carbon candle manu- 
factory, in acircular letter, inform its customers that it has reason 
to believe that a combination of electric carbon manufacturers has 
been formed. The trust, it is said, is composed of the National 
Carbon Company, of Cleveland, which recently bought the Bolton 
works after an assignment; the Standard, the Brush and the 
Thomson-Houston companies, also of Cleveland, and the Fidelity 
Carbon Manufacturing Company, of St. Louis. It is believed also 
that the Faraday Carbon Company is in the trust. F. DE L. 





Answers to Correspondents. 


Questions to be answered in this column must be of general elec- 
trical interest, and must be accompanied by real name and address 
as a guarantee of good faith. No notice will be taken of questions 
regarding apparatus unless enough details are given to permit 
a definite answer, and no dynamo or motor designing will be done. 











Limit of Magnetization.—(!) What is the limit of magnetic 
density in cast and wrought iron cores? (2) What is the voltage 
and resistance of the telephone magneto machines? ?. H.R. 

(1) We would refer you to Thompson s ‘‘Electromagnet,”’ page 72, 
for a full treatment of the hackneyed question. (2) You must 
write to the makers of the instruments for information. 


Electromotive Force and Resistance.—Is the resistance 

of a wire the same when conducting currents of different E. M. F.? 
N, A. 

For the same current, yes. 

Electroplating.—Kindly inform me if Ican use for electro- 
plating a shunt dynamo wound for 158 volts and 30 ampéres. What 
book can you refer me to? 7.8. P. 

Any current will electroplate, but it would be more practical if 

your machine were wound for 30 volts and 158 ampéres. “The 
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Electroplater’s Handbook,” by Bonney, will give you the informa- 
tion you desire. 


Repairing Armatures.—I have a 600-light armature in which 
the wires of three segments are loose. The ends of the segments 
are covered with shellac, which had melted out of the cap which 
secures the strips. Had I better scrape the ends of all the seg- 
ments so filled before replacing the wires? Would shellac short- 
circuit enough to cause heating ? J. H. 


Shellac has never been known to short-circuit even a machine of 


Sir Armstrong’s imagination, and it occurs to us that a good rule 
to follow in reassembling any apparatus is to make everything as it 
was when it left the factory. You speak of the shellac of the cap. 
If it belongs to the cap it does not belong to the segment ends. 
Take it off. 


News of the Week. 
THE TELEGRAPH, 


Pt. Chautauqua, N. Y.—The Western Union Company is to 
open an office here June 25. 


La Crosse, Wis.—The lines of the North American Telegraph 
Company are being equipped with the Patten multiplex system. 


Kdaho Lines.—The Western Union Telegraph Company oper- 
ates in Idaho 846.41 miles of wire, valued at $62,356 The increase of 
line installation in the West has been something phenomenal during 
the last three years. 


North Carolina Lines.—The Postal Telegraph Company is at 
work connecting one of its Wilmington wires with a through wire 
at Raleigh. When completed the company will have a dircct wire 
between Wilmington and New York. 


New Western Lines.—The Postal Telegraph Company will 
carry its lines west during the present summer, running into the 
mountains from Colorado Springs by way of Leadville, Glenwood, 
Aspen and Grand Junction to Salt Lake City. Competition al- 
ways brings a more prompt and satisfactory service, and the peo- 

ple of western Colorado are to be congratulated accordingly. 


THE TELEPHONE, 


Bloomington, 11].—The telephone system is at last to be reno- 
vated; new lines, instruments and batteries will be installed. The 
work is under the supervision of Manager Brakel, who deserves 
much credit for the manner in which he has operated the old sys- 
tem. The total amount allowed by the district superintendent at 
Springfield, Il., for the improvement of the plant at Bloomington 
is $14,886.21. This includes $1,688 for new poles, $3,730 for 144 miles 
of new copper wire, $1,073 for a new switchboard, $400 for remodel- 
ing and repairing the office rooms and $5,160 for labor, etc. 


Northwestern Systems.—Mr. P. G. Reynolds, Superinten- 
dent of Construction for the Northwest Telephone Exchange, has 
just returned to St. Paul, Minn., from a northern trip. Mr. Rey- 
nolds’ trip included a visit to Michigan, where he purchased 700 
poles forthe reconstruction of the Fargo, Dak., and Moorhead, 
Minn., lines for a toll line from Fargo to Casselton, Dak., a distance 
of 21 miles, to afiord communication from Marleton, N. Dak., 
to Casselton. He then went to Grand Forks to look over the ground 
and make arrangements for connection between East Grand Forks 
and Grand Forks, N. Dak. The use of the telephone is growing 
very rapidly in these Northwestern towns. Grand Forks has now 
83 subscribers, and this number will be materially increased when 
the line is run into East Grand Forks. During last month 21 new 
subscribers were added in Fargo, and the Fargo and Moorhead Ex- 
change now numbers upward of 230 subscribers. 


THE ELECTRIC LIGHT. 


Jacksonville, £1!.—The Insane Asylum is to havea $15,000 
electric light plant. 











Omaha, Neb.—The contract for the new municipal electric 
light plant will soon be let. 


Wheeling, W. Va.—The C.. L. & W. railroad has adopted 
electric lights for the section at Wheeling. 


Martins Ferry, W. Va.—The arc machinery at the electric 
light plant will be ready to start by the 1( th inst. 


Halletsville, Tex., has advertised for a municipal electric 
light plant, and will erect the station this summer. 


Washburn, Wis., has advertised for bids for an electric light 
plant, and expects to have the town lighted at an early date. 


Little Falls, N. ¥.—The Board of Trustees have adopted a res- 
olution to supply the village, bids to be received until June 30. 


Colorado City, Col.—The e'ectric light plant will bein full 
operation this week for the first time. This station is one of the 
most finely equipped in the West. 


San Antonio, Tex.—Bids will be received until June 24 for 
the installation of an electric light plant for the Southwest Texas 
Insane Asylum, by Messrs. Larmour & Watson, of Austin, 
Tex. 


Indianapolis, Ind.—The Board of Public Works held a ses- 
sion last week, and discussed specifications for the lighting con- 
tract. Bids will be asked upon 750 lights, for overhead and under- 
ground systems, and upon a ten years’ contract, with the right to 
purchase at the expiration of that time retained by the city. 


Shippensburg, Pa., has contracted with the Shippensburg 
Electric Light, Heat and Power Company for seventeen 2,000 c. p. 
arc lamps at $70 per lamp per annum, moon schedule, to 12 o’clock, 
and as many as necessary of 32 c. p. incandescents at $18 per lamp 
perannum. The contract is for three years from Oct. 1, 1891. The 
city has at present 650 incandescent lights in operation. 


The Arnold Electric Manufacturing Company, of 
Chester, Pa., has recently made the following installations of 
Arnold dynamos and motors; One 400-light incandescent plant to 
the Thackera Manufacturing Company, of Philadelphia; one Arnold 
search-light plant on board ,S.S. ‘Eastern Shore,” at Baltimore, 
Md.; one 150-light incandescent plant, including one search light, 
on board 8S. S. **Pocomoke,” at Baltimore, Md. The company also 
built the steam apparatus for this latter plant. 


The Thomson-Houston Electric Company reports the 
recent sales of the following apparatus for arc plants: Athens, O., 18 
lights; Braintree, Mass., 30 lights; Chehalis, Wash., 30 lights; 
Bridgeport, Conn., 45 lights ; Portland, Me., 45 lights; Brooklyn, 
N. Y., 9 lights: Narragansett Pier, R. I., 30 lights; Harrison, O., 35 
lights; Ashland, O., 70 lights; Findlay, O., 45 lights; Springfield, 
Vt., 35 lights; Anderson, Ind., 50 lights; Salem, Va., 100 lights; 
Athol, Mass., 25 lights; Poughkeepsie, N. Y., 50 lights; Beverly, 
Mass., 100 lights; North Tonawanda, N. Y., 100 lights; Lancaster, 
O., #0 lights; Corning, N. Y., 50 lights; Camden, N. J., 50 lights; 
Lexington, Ky., 50 lights: Catleti.burg, Ky., 50 lights ; 
Lockport, N. Y., 50 lights; Noblesville, Ind., 50 lights; Clinton, Ia., 
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50 lights; Parkersburg. W. Va., 100 lights; Lincoln, Neb., 150 lights; 
Washington, D. C., 100 lights; Put-In-Bay, O., 50 lights; Bay City, 
Mich., 190 lights; Syracuse, N. Y., 50 lights; Newton, Mass., 50 
lights; Columbus, O., 50 lights; Covington, Ky., 50 lights; Newark, 
N. J., 100 lights; Elwood, Md., 50 lights; Key West, Fla., 50 lights; 
Oakland, Cal., 50 lights. Incandescent plants: Narragansett Pier, 
R. L, 1,300 lights; Springfield, Vt., 650 lights: Salem, Va., 1,300 
lights; Newton, Mass., 650 lights; Key West, Fla., 1,950 lights,” 
Titusville, Fla., 400 lights; New Haven, Conn., 400 lights; 
Bay Shore, L. I., 400 lights: Debellin, N. J., 300 lights; 
Shawnee, O., 300 lights; Akron, O., 1,300 lights; Camden, N. J., 1,300 
lights: Brooklyn, N. Y., 1,300 lights; Lock Haven, Pa., 1,300 lights; 
Iron Mountain, Mich., 1,950 lights; Buena Vista, W. Va., 1,300 lights; 
Norwalk, Conn , 1,300 lights; Lexington, Ky., 1,300 lights; Atlanta, 
Ga., 1,300 lights; Waltham, Mass., 1,300 lights; Tacoma, Washb., 
2,600 lights; Morristown, Tenn., 650 lights; White River Junction, 
Vt., 650 lights; New London, Conn., 650 lights; Patchogue, L. I., 650 
lights; Martinville, Md., 650 lights; Princeton, Md., 650 lights; 
Bedford City, Va., €50 lights; Millersby, O., 650 lights; Milton, 
Mass., 650 lights; Cohassett, Mass., 650 lights; Catlettsburg, Ky., 
650 lights; Waco, Tex., 1,950 lights. 


THE ELECTRIC RAILWAY, 


Athens, Ga.—The new electric railway is to be in operation 
this week. A test has been made of the installation of the station 
and everything has been found satisfactory. 


Fort Dodge, Ia.—A company has been erganized for the pur- 
pose of building an electric street railway. Local and foreign 
capital is interested. The City Council will hold a special session 
to consider the application for a franchise. If the franchise is 
granted as asked the road will be built at once. 


Lakewood, R. t.—The matter of having an extension of the 
electric road from Pawtuxet to Lakewood has again come before 
the town. A petition to the Union Railway Company, asking for 
the extension, was started a month ago, but the holder of it being 
slow about half the people here have not yet seenit. A petition 
asking for the same thing has been extensively signed on the War- 
wick side of the bridge in Pawtuxet. 


Geneva, N. ¥.—The bvard of trustees of the village has granted 
a charter for an electric road through the streets bordering on the 
beautiful Seneca Lake. A company has been organized, with Mr. 
O. J. C. Rose, president; E. N. ‘Squires, vice-president, and E. A. 
Walton, secretary and treasurer. The eaterprise and executive 
ability cf these gentlemen is an assurance of a success for the com- 


pany and a great help to the people of that village who favor rapid 
transit. 


The McGuire Electric Motor Truck.—One of the best de- 
signed and constructed electric motor car trucks is the new No. 19 
B form, manufactured by the McGuire Manufacturing Company, 
of 122 North Sangamon street, Chicago, Ill. Each side and each 
end of the truck frame is formed of a single piece of pressed steel, 
with a two-inch flange top and bottom, and firmly riveted together 
at their ends. This forms the completed truck frame, which is 
elastic in every direction and so proportioned that the strains in 
service are equally distributed upon every part of it. The McGuire 
apparatus is an acme of simplicity, strength and durability. The 
truck is fitted with a new form of brake which is of assistance in 
making electric roads equipped by the McGuire Company most 
efficient and safe in operation. 


LEGAL NOTES. 


Electric Traction Patents.—It is announced that the Edison 
General Electric Company has instituted legal proceedings against 
the West End Street Railway Company, of Boston, for alleged in- 
fringement. The patents under which suit is brought are those of 
the late Sprague Electric Railway aud Motor Company, and cover, 
as is well known, many of the generally adopted features of the elec- 
tric railway. The struggle is really with the Thomson-Houston 
company, of course, and promises to be both violent and prolonged. 
Before it ends much hght will be thrown cn the origin of electric 
traction. 














Edison Sued by a Former Partner.—T. A. Edison has 
been sued by E. B. Welsh, of Boston, to recover $250,000 damages 
for an alleged half interest which the latter claims to have in all 
the inventions and improvements made by Edison in transmis- 
sion of messages by telegraphy. This suit was brought in 1884 
in the United States Circuit Court, and the plantiff claims that 
Edison made a contract in April, 1869, by which he agreed, in con- 
sideration of various sums of money which Welsh had loaned him, 
to experiment on the invention which he was at work upon for use 
in telegraphic tfansmission. At this time Mr. Edison was in theem- 
ploy of the Western Union Telegraph Company in Boston, and the 
plaintiff was in the employ of the Franklin Telegraph Company. 





PERSONALS. 


Mr. Charles Van Depoele, of the Thomson-Houston Com- 
pany, is in Chicago. III. 

Mr. Herman 8, Hering, of Philadelphia, has been appointed 
associate professor in mechanical engineering at Johns Hopkins 
University. 

Prof. Alexander Graham Hell is to erect a fine mansion at 
Washington, D.C. It wili be located on Connecticut avenue south 
of Dupont Circle. 


Dr. Arthur F. Kimball, associate professor of physics at 
Johns Hopkins University, has resigned that position to accept the 
professorship of physics at Amherst College. 


Mr. Byron Reed, a pioneer settler and telegrapher and the 
wealthiest land owner in Omaha, died last week. In his will he 
leaves a valuable piece of land upon which to erect a public library, 
His collection of coins is also left to that city, and he makes numer- 
ous charitable bequests, amounting in all to over $100,0. 0. 


Mr. Henry 8. Hamel, of Havana, (‘uba, is on a visit to New 
York City. Heisthe agent cf the Tropical American Telephone 
Company in Hevana, and introduced the first telephones in that 
city in 1878. He has placed a large order with the Tropical Com- 
pany, and practically controls the telephone business in the Island 
of Cuba. 








MISCELLANEOUS NOTE. 


Another Application for the Subtle Fluid.—tThe latest 
window advertising scheme on Broadway, which has been most 
successful in attracting Jarge crowds, consists in the arrangement 
of two brass knobs at the window ledge with the following placard: 
“Electricity no more subtle than our bargains. Take a free, harm- 
less shock. We press the button. See our 40 cent bargains in 
neckties,” 
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Industrial and Trade Notes. 


D. C. Spruane, who represents the Star Electrix Company, of 
Philadelphia, in the South and West, reports largs sales from 
Washington and Providence. 


Messrs. W. H. Gordon & Co., of 115 Broadway, New York 
City, are now carrying a full line of Fletcher's specialties. They 
are also making a leader of the celebrated Sunbeam lamp, and wish 
all their friends to try it, as they have great faith in its merits. 


The Illinois Electric Material Company, of Chicago, is 
advertising that it is selling a line of new goods at cost. If so, it - 
will certainly afford contractors and construction companies an ex- 
cellent opportunity to lay in a goodly supply of material. Wonder: 
if we shall have bargain days in electrical supplies? 

The Riker Motor Company, of York street, Brooklyn, is * | 
enlarging its present factory facilities by renting additional floor 
space in the building at present occupied by its works. When these 
changes are made it will have elaborate testing and winding rocms, , 
and be prepared to fill orders more promptly than heretofore. 


McLeod, Ward & Co., of 91 Liberty street, New York City, 
who have been established in their present quarters only since the ’” 
early part of the year, are rushed with orders on the inst¢ lation of 
Edison motors in the city and yicinity, and the sale of their spark ' 
arresters, hoods, etc., which they manufacture, is taxing their 
facilities to the utmost capacity. 


The McCreary Electrical Specialty Company, of New 
York City, has arranged with the Toronto Construction and Electri- 
cal Supply Company to be its representative in Canada, and to 
that end the McCreary company placed a full supply of all its 
specialties with the Toronto company. Canadian customers can 
hereafter save excessive charges in transportation and delays in 
addition to the lowest factory prices. 


A Test of Steam Separators.—Under the supervision of 
Mr. R. C. Carpenter, professor of experimental engineering at Sibley 
College, Cornell University, there has been just concluded a test to 
ascertain the efficiency of steam separators. A full report of the 
test, with drawings, showing results and percentages of efficiency 
obtained by the several competing separators, can be had free by 
addressing for same the Hine Eliminator Company, of 106 Liberty . 
street, New York City. 


The Universal Arc Lamp Company’g business has already 
increased so largely as to require special factory facilities, which 
have been secured at 527 West Thirty-fourth street, New York. 
The present plant is taxed to its utmost to meet the demands. At.a 
recent competition test in a contract of the Edison company for 
lighting the Jersey City Depot for the Jersey Central Railroad 
Company, the ‘‘Universal’’ arc lamp was shown to be superior ta 
many others, and was accepted for the equipment. 


The ‘“‘Acme Link? and ‘* Eureka Dynamo? Belts, 
made by the Page Belting Company, 16 Dey street, New York, are 
meeting with remarkable success for power transmission in elee- 
tric lighting and street railway stations. Among recent orders, 
filled by this company was one for the Hampton & Old Point. 
Comfort Railroad Company, at Hampton, Va., where two 20-inch 
wide “Acme link” and several Eureka dynamo belts are running 
which are receiving the highest praise from the superintendent in 
charge. 

The Arnold Electric Manufacturing Company, of 
Chester, Pa., of which Mr. Craig Arnold, the well-known electrical 
engineer, is president, is doing a very good business this year in the 
sale of its dynamos and motors and the ‘‘Arnold” search lamps. 
This company is soon to introduce scmething ofa startler in the 
line of electric bells. The Arnold company is the sole agent for the 
“Packard” incandescent lamps in Pennsylvania, Maryland, Vir- 
ginia, New Jersey, Delaware, tbe District of Columbia, and all ma- 
rine installations throughout the world. 


The McCreary Electrical Specialty Company received an 
order from Europe this week for 2,000 of its specialties, including 
1,000 of its celebrated reflectors. These reflectors are now in use in 
every country in Europe, and will shortly be introduced into Aus- 
tralia. The company is also very busy in filling orders for Almond’s 
patented flexible tubing, which is the only article of its kind on the 
market. The judicious management of the officers of this company 
is shown in the fact that at the present time their business is at. 
least double that of one year ago, and constantly growing. 


“Ir. C. E. Bibber, general manager of the Consolidated Elec- 
tric Manufacturing Company of Boston, passed through New York 
on a business trip this week. Mr. Bibber reported the sale of the 
Jack-Knife switches made by this company as something enor- 
mous. This company has just patented the new“ C, E. M.” insu- 
lating fixture joint, and wherever it has been shown it has met. 
with ready and large sales. There are 48 men now in the com- 
pany’s employ and in a few days there will be at least 60, with the 
prospect of a larger increase if the present rush of orders continues, 


The Bodifield Belting Company, of 264 South Water street , 
Cleveland, O., claims to have a belt superior to other makes, for the 
reason that the belt is very plhable, and that the grain of the 
leather is left in a perfectly natural state; it is an entirely new 
process; the company avoids bordering the Jeather, and compress- 
ing the grain and fibres to get the solidity. The company gets the: 
leather in perfect condition by the filling process, and by this; 
process leaves it in a very pliable condition. The Bodifleld. 
company believes that for the heavy duty often required of electric 
light and railway plants double belting ia the more econom- 
ical. Two Bodifield belts 48 inches wide and 106 feet long, and six 
belts 25 inches wide, averaging 65 feet long, have been purchased by, 
the East Cleveland Railroad Company. 


The Triumph Compound Engine Company, of Cincin- 
nati, O., reports the following recent sales: Three 125 h. p. valve- 
less compound engines at Reading, Pa.; one 80 bh. p. valveless 
compound engine at Natrona, Pa.; one 80h. p. valveless compound 
engine at Rochester, N. Y.; two 60h. p. valveless compound en- 
gines at San Francisco, Cal.; two 55 h. p. valveless compound en- 
gines at Richmond, Va.; one 50h. p. valveless compound engine: 
at Hamlet, Ga.; one 30 h. p. valveless compound engine at Coving- 
ton, Ky.; one 30h. p. valveless compound engine at St. Louis, Mo.’; 
one 15h. p. valveless compound engine at Natrona, Pa.; one 15 h. 
p. valveless compound engine at Bardstown, Ky.; one 15 h. p. 
valveless compound engine at St.Louis, Mo., and one 15h. p. valve- 
less compound engine at Laurens, 8. C. 


The Chicago and Electric Fixture Manufacturing 
Company, of 47-49 South Jefferson street, Chicago, is making a 
specialty of manufacturing to order any form of electric, gas: 
or combination fixtures for the trade and is now turning out am 
extra amount of special work for the large supply houses. Mr. H..’ 
G. Willard, long and favorably known to fixture dealers from the. 
Atlantic to the Pacific Coast through his connection with the Ar- 
cher & Pancoast Manufacturing Company, is the president of the 
company, which he bas well equipped to handle any reasonable 
amount of work, having nearly 1/0 men employed, including skilled 
designers and draughtsmen. ‘The factory being complete in all its 
details, with furnaces, foundry for wrought iron work, spinning: 
room, dippery, plating and laquering rooms, orders are quickly 
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filled, a feature of importance to electric light and street railway 
supply houses. 


‘The Ball & Wood Company’s new plant, Elizabethport, 
N.J., promises to be a model in equipment and convenience for 
building the improved Ball automatic cut-off engines. Witha 
stretch of 90 feet between the main tracks of the Central Railroad 
of New Jersey and Trumbull street, with the Singer Park at one 
end and the railroad station at the other, it is an ideal manufactur- 
ng site. Two railroad sidings will serve: one the main machine 
shop through which it passes, and the other the foundry which at 
present is in contemplation. From the City Hall in New York to 
the factory station is exactly ten miles, and a long distance tele- 
phone will connect the points, placing purchasers of engines in 
nstant communication with thé source of supply. In the main 
machine shop even a wide-awake engineer wiil be impressed with 
the mechanical progress made in the last decade. A glance will 
embrace an enormous room, light and airy, 70 feet high to 
the roof, and flanked with wide and substantial galleries 
sustained by iron columns. Overhead a Shaw electric 
crane wil) noiselessly raise a completed compound engine of twenty 
ons from the testing block, carry it the length of the shop, and 
place it on acarin readiness for shipment. On either hand are 
new and massive tools the latest product of shops both East and 
West, and throughout the entire establishment an order of 
system prevails, which in itself will guarante e substantial and ex- 
cellent work, Itis the intention of the company to increase its 
plant by adding in length when it becomes necessary, and this can 
be done without interrupting the work in progress. A number of 
orders for the Improved Ball engines are already entered, and in 
another month the factor; will be a busy scene, well worth the in- 
spection of engineers as well as purchasers of this well-known 
engine. 

New Works of the Crocker-Wheeler Electric Motor 
Compavy.- The establishment of the Crocker-Wheeler Electric 
Motor Company, West Fourteenth street, New York City, has been 
enlarged, and the alterations which have been going on for some 
time in the old portion of the werks are completed. Access to the 
company’s quarters is now furnished by a new entrance on West 
Fourteenth street. The staircase leads one to the exhibition room, 
which is well lighted and neatly finished in hard wood—a most in. 
teresting place. Here, if the weather be warm, an overhead ven 
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tilating fan furnishes a delightful breeze. This same motor, hardly 
larger than “‘a pint of peanuts,” is also used to operate other fans 
of the same type in different parts of the establishment. A num 
ber of motors, ys, }. §, 3, 4, 1,3and 5h. p., are exhibited in connec- 
tion with electric disc ventilating fans, electric pumps, etc. An in- 
teresting exhibit isa 4h. p. motor which runs asewing machine. 
Other applications noticed are a %h. p. motor driving a 21% inch 
triplex pump, and 4 h. p. motor driving a 14 xX 2 inch 
triplex pump of the Gould Manufacturing Company’s pattern. 
In the same room on a long table is also shown the Crocker- 
Wheeler motor dismembered, so that the various parts and stages 
of its construction can be readily understood and appreciated. To 
the right of the exhibition roomis the office of Messrs. F. B, 
Crocker and 8. 8. Wheeler, a pleasant, well lighted and cozy room, 
nicely furnished with polished oak desks, chairs and other neces- 
sary office fixtures. It will also be used for board meetings. Next 
are the quartersof the secretary and general sales agent of the 
company, Mr. Geo. W. LaRue and Mr. W. H. Geers, the assistant 
secretary. The shops and testing-room are located to the left of 
the exhibition room, and run the entire length of the block between 
West Fourteenth and West Thirteenth streets, and are fitted 
throughout with the finest machinery obtainable, necessary for the 
company’s manufacture. The company here employs about 150 
hands—men and girls. 


Eckert Interior Conduits.—Mr. Wm. H. Eckert, whose 
name is as well known as any other in connection with telegraph 
and telephone management, is now engaged in the manufacture of 
interior circuits for electrical and other work, in connection with 
the Eckert Electric Manufacturing Company, 54 New street, New 
York City, Concerning his work in this particular direction, Mr- 
Eckert says: ‘‘My experience, extending over many years, and my 
knowledge of the tubes now upon the market, intended for that 
pury ose, has enabied me, I flatter myself, to produce an article that 
is as near perfection as possible. Iclaim: (1) That every wire 
carrying an electric current inside of a building should 
be run through a tube; that telephone, telegraph and d's- 
trict messenger wires are just as dangerous, if unprotected by tube, 
as electric light wires. (2) That under ro cirumstances, or with 
any alleged safeguards, should more than a single wire be run in 
any tube. (3) That every building now constructed or to be con- 
structed should be tubed in preparation for the electric light, 
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which is so fast supplanting gas, and that wooden molding, being 
inflammable, should not be allowed. I am thoroughly satisfied 
that as the insurance officials come to understard the subject more 
thoroughly they will require buildings to be so tubed, and all wires 
to be protected by tubes, or else consider buildings not tubed as ex- 
tra hazardous risks. I claim that such tubes should have the fol- 
lowing qualities, and i can guarantee that those man- 
ufactured by me fully come up to such a standard: (1) The 
tube should be fireproof, that is to say, it should be impossi- 
ble for the tube to ignite if held in the flame of a Bunsen 
burner or gas jet; or, in other words, it should be impossible for 
such tube to conduct flame, but it should only char by being 
brought in contact with the flames referred to; or if subjected toa 
high enough degree of heat to cause it to flame at all, the flame 
should go out immediately upon the removal of the cause. (2) The 
tube should stand a test for insulation of not less than one megohn 
with a current of 500 volts. (3) The insulating compound should 
not melt or run, or be affected inany manner by being placed on or 
in close proximity to steam pipes where the temperature is say 400 
degrees Fahrenheit. (4) The tube should be thoroughly moisture- 
proof.’ 





Business Notices. 


Battery Cut-Out, Cheap.—Sensitive, reliable, never requires 
attention. Gas lighting much improved by its use. Electric Sup- 
ply Co., of 105 South Warren street, Syracuse, N. Y. 


Intelligent people, who are familiar with the respective ad- 
vantages which are offered by the several competing railroad lines 
between Chicago, St. Louis, and Kansas City, and who desire to 
travel with the utmost speed, safety and comfort, always take the 
popular and reliable Chicago & Alton Railroad between these 
points, and passengers going to or coming from the South, via St. 
Louis, or when going to or coming from the West, via Kansas City, 
shoold insist upon having tickets that read over the Chicago & 
Alton. It is the only road with three complete and elegantly 
equipped trains daily between Chicago and each of the points 
named, and no railroad managers in America have a more intelli- 
gent appreciation of the wants of the traveling public than do 
those of the famous Chicago & Alton. 





OUR ILLUSTRATED RECORD OF ELECTRICAL PATENTS. 


U. 8. PATENTS ISSUED JUNE 9, 1891. 





453,618. Electric Cigar-Lighter; Harrison B. Brown. of 
Washington, D. C., Assignor of one-half to William W. Dudley 
and Frank L. Browne, both of the same place. Application filed 
Dec. 5, 1890. An electrical incandescent igniting device, consist- 
ing of a non-conducting handle, circuit wires leading from a bat- 
tery and attached to said hanZle, wherein one of them is divided 
and its uninsulated ends separated and juxtaposed, a contact 
maker for temporarily establishing an electrical connection be- 
tween such gantenene ends, and incandescing bridge-wire which 
joins the uninsulated terminals of circuit- wires and completesthe 
external loop and a substance apes to such bridge wir2 and 
which is capable of dbsorbing or holding an inflammable liquid. 


453,633. Electric Switch ; Lawrence F. Furlong and Fred- 
erick O, Tucker, of Hartford, Conn.; said Furlong assignor to 
Amos Whitney an@ Seth W. Bishop, both of the same place. 
Application filed Oct. 24, 1990. In an electrical switch, a base 

ring stationary and movable contacts, and a movable cap 
bearing blocks adapted to separate the contacts. 


453,681. Electrical Measuring Instrument; Frank C. 
Wagner, of Ann Arbor, Mich. Application filed Dec. 23, 1890. In 
an electrica] measuring instrument, the combination of two sub- 
stantially similar and equal wires fixed at their extremities and 
mechanically connected transversely, so as to act in opposition to 
each other, with means for measuring the movement of said 
wires when only one of them is traversed by an electrical cur- 
rent. (See illustration.) 


453,69%, Electric Are Lamp} Josiah W. Ells, of Pittsburgh, 
Pa., Assignor of three-fourths to Henry B. Smithson and Louis 
Kramer, of same place, and William 8. Bostwick, of Allegheny, Pa. 
Application filed March 21, 1890. In an electric arc lamp the combi- 
nation of an electromagnet, a lever pivoted to a bearing insulated 
from but connecting it to the lamp frame, a shorter lever or clutch 
underneath and connected to the first lever hy 4 means of a link, a 
movable vertical rod that extends through a hole in the clutch, a 
hanger attached direct}y to the lower end of the vertical rod. a 
transverse shaft in said hanger, a carbon disc supported in the 
hanger 4 the transverse shaft, a ratcbet wheel rigidly secured to 
said shaft, a lever pivoted to the same, a pawl connected and 
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adapted to move with said lever and engage the ratchet wheel to 
rotate the carbon disc, and an insulated link connecting the long 
end of the paw] lever to the frame of the lamp, whereby the car- 
bon disk is adjusted vertically and partially revolved at the same 
time by the action of the electromagnet. 


453,695. Secondary motvers } William W oodnut Griscom, of 
Hayerford College, Pa. Application filed Dec. 10, 1887. In second- 
arf batteries, an element-contaihing receptacle and electrical con- 
nections extending thereinto, said receptacle being closed, where- 
by the gases produced by over charging may be retained therein. 


453,696. Engine-indicator for Steam-Vessels; Wm. E. 
Hadlock, of Wenham, Mass. Application filed Nov. 14, 1889. The 
combination, with a steam-engine, of an indicating inst: ument 
comprising ati electromagnet, a circuit closer in circuit with said 
magnet, and a projection on the valve-stem of said cngine for 
operating the circuit closer. 


453,710. Electric Railway; John Jones, of New York, Ap- 
Eee filed Jan. 15, 1891. This invention consists in a crossing- 
ridge for electric-railway trolleys, having one of its trolley 
tracks pivoted to the frame thereof, whereby gravity will main- 
tain it in its normal position. 


453,722. Attachment for Telephones; Edward E. Baker, 

of Pittsburgh, Pa. Application filed Feb. 17, 1891. The inven- 
tion consists in an adjustable device adapted to be secured to the 
box of a telephone for the purpose of holding a writing tablet or 
pad for recording messages. : 


453,723. Electric Fire-Alarm; Michael M. Braun, of Alle- 
gheny, Pa. Application filed Feb. 17, 1891. The invention con- 
sists Z a spetag-oentact electrically ccnnected to a battery, and 
an inflammable cord for — the said spring away from a 
stationary contact secured in the frame, and a means for attach- 
ing the cord together in such a manner that a certain tempera- 
ture will separate the same. 


453,733. Electric Conduit; John E. Price, of Denver, Colo. 
Application filed Jan. 7, 1891. An electric conduit, fags char a 
body having longitudinal grooves in its lower face, upwardly 
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projecting side-walls and int«rmediate partitions rising from 
said body, and downwardly curved side flanges projecting from 
taid body and flush with the lower face thereof, and a lid prc- 
viled with similar grooves and flanges. 


453,742. Manufacture of Incandescent Electric 
Lam ps; Reginald A. Fessenden, of Roseville, N. J. Application 
filed Feb. 18, 1891. The process of sealing oxidizable leading-in 
conductors into incandescent electric lamps, which consists of 
exhausting the air from the bulb and then fusing the glass to 
the oxidizable conductors. (See illustration.) 


453,822. Commutator; Elmer A. Sperry, of Chicago, Ill. Ap- 
plication filed Feb, 20, 1891. A commutator for a dynamo or mo- 
tor, containing an elastic medium to relieve the insulation from 
compression strains due to the expansion or contraction of the 
parts. (See illustration.) 


453,858. Commutator for Dynamo-Electric Genera- 
tors and Motors; Henry Davis and Arthur Henry Stokes, of 
Derby, England. Application filed Dec. 11, 1890, The combina- 
tion of a commutator shaft, a commutator cylinder supported 
thereon, a sleeve on said shaft within said cylinder, brushes sup- 
ported on said sleeve and bearing against the inner surface of the 
commutator cylinder, an arm projecting from said sleeve outside 
said cylinder, and a bracket engaged by said arm. 


453,863. Distributing Frame fer Electric Conductors; 
Angus 8. Hibbard, of Morristown, N. J., Assignor to the Ameri- 
can Telephone and Telegraph Company, of New York. Applica- 
tion filed Feb, 28, 1891. A distributing frame interposed between 
the cable heads and the switchboard, provided with terminal con- 
nections on one side for the line conductors and with similar ter- 
minal connections on the other side for the switchboara con- 
ductors, and with vertical and horizontal! channels in the interior 
of said frame, through which intermediate conductors uniting the 
line and switch board connections can be readily drawn in or out 
without disarrangement of any others. 


453,871. Lighting of Tables and the Like by Electri- 
city 3 Oscar Henry Stovell, of Hampstead, England. Application 
filed Feb. 24, 1891. A table baving channels in the top and legs of 
same, electric conductors carried in said channels, its in the 
legs connected to said conductors for making contact with sock- 
ets connected to the electric house mains, and blocks placed in 
the circuits and provided with means for receiving candelabra or 
lamp fittings. 


453,888. Electric Switch; Willis Mitchell, of Malden, As- 
signor of three-fourths to Edward Jewell, of Boston, and Levi L, 
Parsons and Arthur B. Smith, of Saugus, Masa, ae lication 
filed Jan. 8, 1891. Inan electric switch, the combina — of a 
movable circuit closing bridge with hollow taperi.g extinguish- 
ers thereon and mechanism for directing the ends of said bridge 
obliquely forward and downward when contac: is broken. 


‘ ~ 


453,898. Electric massonrs Jacob O. Brinkerhoff, of Hacken- 
sack, and Milton E. Smith, of Rutherford, N.J. Application filed 
Nov. 26, 1890. The invention consists of an exciting fluid formed 
of antimonious chloride and an alkaline chloride. 


453,950. Secondary-Batt«ry Element; John H. Walter, of 
Washington, D.C. Application filed Aug. 19, 1890. In a battery 
element, a transversely corrugated metal tape wound or bent 
upon itself in such manner as to present its edges outermost. 


453,982. Fire-Alarm ces Geo. F. Milliken, of Bos- 
ton, Mass., Assignor to the Gamewell Auxiliary Fire Alarm 
Company, of same place. Application filed Feb. :4, 1891. Ina 
fire-alarm system, the combination, with a circuit including 
street boxes having manually operated signal sending mechan- 
ism and signal receiving mechanism at a main or central office, 
of an auxiliary circuit or circuits connecting the said street 
boxes with one or more stations, including in the said box or 
boxes an independent electromechanical trip or releasing device, 
and means for automatically restoring the same after each re- 
leasement operated b motor of the street box, with signal 
sending apparatus at the said station or stations. 


453,993. Non-Interference Signal-Box; Fred. W. Cole, 
of Newton, Mass., Assignor of one-half to Moses G. Crane, of 
same place. Application filed Feb. 7, 1891. In a non-interfer- 
ence signal-box, a signaling train, a non-interference magnet and 
its armature, and.a locking lever for moving the locking lever, 
a retarding or Saas ee for said signaling lever, and a box 
controller governed by said armature. 


453,995. Secondary Battery4 Stanley Charles Cuthbert Cur- 
rie, of Philadelphia, Pa., Assignor to the United Gas Improve- 
ment Company, of same place. Application filed Jan. 31,1891. A 
battery plate or element having a metal core or internal conduct- 
ing body with an integral spongy or porous metallic surface and 
inclo in a casing or covering of woven or braided fibrous 
material or materials. 


454,008. Supperting and Connecting the Driving- 
Motors of Electric Cars; Sidney H. Short, of Cleveland, O., 
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Assignor to the Short Electric Railway Company, of same place. 
Application filed Nov. 22, 1899. The invention consists of a car 
and one or more propelling motors, comprising each an armature 
mounted on and connected directly with a driving axle and non- 
rotative field magnets, also a frame pendulously hung from the 
car axles and having the said field magnets mounted therecn. 


454.016. Metallic Circuit Test and Time Signal for 
Telephone Exchanges; Joseph J. O'Connell, of Chicago, Ill., 
Assignor tothe Western Electric Company, of same place. Appli- 
cation filed Oct. 4, 1888. The combination, with the individual an- 
nunciator of a metallic wale switchboard telephone line 
circuit, of an extra winding on the core of said annunciator, said 
extra wneiee being in a circuit, including a battery and rheotome 
a telephone included in a ground circuit having a terminal 
adap ied to be closed to a cest piece of the telephone circuit, and 
a und connection for the telephone line circuit at the sub- 
scriber’s station thereon, whereby on closing the terminal of the 
ground circuit containing a telephone to the terminal of the ine, 
the operator listening at the telephone in said ground circuit may 
pear he hum caused by the vibratory current induced upon the 

ne, 





Copies of the specifications and drawings complete of any patent 
mentioned in this record—or of any other patent issued since 1886 
—can be had for 2% cents. Give date and number of patent desired, 
and address The W. J. Johnston Co., Ltd., Times Building, N. ¥ 
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